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COMPUTER-READABLE STORAGE
MEDIUM HAVING GAME PROGRAM
STORED THEREIN AND GAME APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2009-
129391, filed on May 28, 2009, 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a computer-readable stor-
age medium having stored therein a game program to be
executed by a computer of a game apparatus for displaying, in
a display device, an object 1n a virtual space, and particularly
relates to a computer-readable storage medium having stored
therein a game program for displaying, in a display device, a
plurality of objects 1n a virtual space, and also to a game
apparatus.

2. Description of the Background Art

Conventionally, a game apparatus 1s known that displays a
plurality of objects on the screen of a display device (see
Japanese Laid-Open Patent Publication No. 10-165647, for
example). In such a game apparatus, when two enemy objects
present 1n a virtual game space are displayed on the screen,
the display 1s, for example, performed when the viewing point
of a virtual camera has been set at the midpoint between the
two enemy objects or set at the position of one of the two
enemy objects.

However, such a game apparatus as described above has
the following problems. That 1s, when the viewing point of a
virtual camera has been set as described above, 1f the enemy
object to which the viewing point has been set frequently
moves, the display 1s performed on the screen by recalculat-
ing the viewing point each time, and therefore the viewing
point drastically changes. This makes the screen display
extremely difficult for the player to view. Further, when the
enemy object moves at a high speed, the viewing point also
moves at a high speed 1n accordance with the movement of the
enemy object. This also makes the screen display extremely
difficult for the player to view.

SUMMARY OF THE INVENTION

Therefore an object of the present invention 1s to provide a
computer-readable storage medium having stored therein a
game program capable of, when a display area 1n a virtual
space 1s determined based on the positions of a plurality of
objects that frequently move and 1s displayed on a screen,
performing screen display that 1s easily viewable to players,
and also to provide a game apparatus.

Another object of the present invention 1s to provide a
computer-readable storage medium having stored therein a
game program capable of enhancing the interest of a multi-
player game, and also to provide a game apparatus.

The present invention has the following features to attain
the above-mentioned objects. Note that 1n this section, refer-
ence numerals, supplemental descriptions, and the like 1n
parentheses merely indicate correspondence with the below-
described embodiment so as to assist understanding of the
present 1nvention, and do not limit the present mvention in
any way.

A first aspect 1s a computer-readable storage medium hav-
ing stored therein a game program to be executed by a com-
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puter of a game apparatus for displaying, in a predetermined
display area of a display device, a virtual space 1n which a
plurality of objects are present, and the game program causes

the computer to function as reference point calculation means
(S121), first determination means (S122, S124), and screen
control means (5123, S125, S133, S135). The reference point

calculation means calculates a reference point with respect to
a reference axis direction, the reference point being a center
position based on positions of the plurality of objects and the
reference axis direction being a predetermined axis direction
of the display area. The first determination means determines
whether or not a position of the reference point 1s a position
within a first distance from an end of the display area with
respect to the reference axis direction. When the first deter-
mination means determines that the position of the reference
point 1s a position within the first distance from an end of the
display area, the screen control means scrolls, along the ret-
erence axis direction, a display content of the virtual space
displayed 1n the display area. Note that the reference axis
direction refers to a direction along which the scroll control 1s
performed. For example, 1n the case of vertical scroll, the
vertical direction (a Y-axis direction) of the screen is the
reference axis direction. In the case of horizontal scroll, the
horizontal direction (an X-axis direction) 1s the reference axis
direction.

Based on the first aspect, 1t 1s possible to perform screen
display that 1s easily viewable to the players.

In a second aspect, based on the first aspect, the reference
point calculation means calculates, as the reference point, a
midpoint between two objects, among the plurality of objects,
that are farthest from each other with respect to the reference
ax1s direction.

Based on the second aspect, 1t 1s possible to display all of
the plurality of objects on the screen.

In a third aspect, based on the first aspect, when the first
determination means determines that the position of the ret-
erence point 1s a position within the first distance from an end
of the display area, the screen control means scrolls, along the
reference axis direction, the display content of the virtual
space so that the position of the reference point 1s a position
the first distance from the end of the display area.

In a fourth aspect, based on the first aspect, when the first
determination means determines that the position of the ret-
erence point 1s a position within the first distance from an end
of the display area, the screen control means scrolls, along the
reference axis direction and toward a side about which the
determination 1s made that the position of the reference point
1s a position within the first distance from an end of the
display area, the display content of the virtual space displayed
in the display area.

Based on the fourth and fourth aspects, when an object that
1s close to an end of the screen 1s present, the screen scrolls,
whereby 1t 1s possible to enhance the visibility of the screen.

In a fifth aspect, based on the first aspect, the game program
turther causes the computer to function as second determina-
tion means (S126, S127, S131). The second determination
means determines whether or not a position of an object,
among the plurality of objects, that 1s closest to the end of the
display area with respect to the reference axis direction is a
position within a second distance from the end of the display
area, the second distance being smaller than the first distance
from the end of the display area. Regardless of the position of
the reference point, when the second determination means
determines that the object closest to the end of the display area
1s within the second distance from the end of the display area,
the screen control means scrolls the display content of the
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virtual space so that the object 1s displayed at a position the
second distance from the end of the display area.

Based on the fifth aspect, when an object that 1s close to an
end of the screen 1s present, 1t 1s possible to enhance the
visibility of the moving direction of the object.

In a sixth aspect, based on the first aspect, the first deter-
mination means determines whether or not the position of the
reference point 1s a position within the first distance from one
end of the display area with respect to the reference axis
direction and also whether or not the position of the reference
point 1s a position within a third distance from the other end of
the display area with respect to the reference axis direction.
When the first determination means determines that the posi-
tion of the reference point 1s a position within the first distance
from the one end of the display area, the screen control means
scrolls, along the reference axis direction and toward a side of
the one end of the display area, the display content of the
virtual space displayed in the display area, and when the first
determination means determines that the position of the ret-
erence point 1s a position within the third distance from the
other end of the display area, the screen control means scrolls,
along the reference axis direction and toward a side of the
other end of the display area, the display content of the virtual
space displayed 1n the display area.

Based on the sixth aspect, 1t 1s possible to perform screen
display that 1s easily viewable to the players.

In a seventh aspect, based on the sixth aspect, the first
distance and the third distance are different in value.

Based on the seventh aspect, it 1s possible to control the
display content of the screen 1n accordance with the charac-
teristics of the movement of an object, whereby it 1s possible
to perform screen display that 1s more easily viewable.

In an eighth aspect, based on the seventh aspect, with
respect to the reference axis direction, a direction toward the
side of the one end of the display area i1s an antigravity
direction 1n the virtual space, and a direction toward the side
of the other end of the display area 1s a gravity direction 1n the
virtual space, and the first distance 1s greater than the third
distance.

Based on the eighth aspect, it 1s possible to control the
display content of the screen 1n accordance with the charac-
teristics of the movement of an object, taking into account the
influence of the gravity, such as a jump movement, whereby
it 15 possible to perform screen display that 1s more easily
viewable.

In a ninth aspect, based on the sixth aspect, the game
program causes the computer to function as second determi-
nation means for determining whether or not a position of an
object, among the plurality of objects, that 1s closest to the one
end of the display area with respect to the reference axis
direction 1s a position within a second distance from the one
end of the display area, the second distance being smaller than
the first distance from the one end of the display area, and also
determining whether or not a position of another object,
among the plurality of objects, that 1s closest to the other end
ol the display area with respect to the reference axis direction
1s a position within a fourth distance from the other end of the
display area, the fourth distance being smaller than the third
distance from the other end of the display area. Regardless of
the position of the reference point, when the second determi-
nation means determines that the object closest to the one end
of the display area 1s within the second distance from the one
end of the display area, the screen control means scrolls the
display content of the virtual space so that the object 1s dis-
played at a position the second distance from the one end of
the display area, and when the second determination means
determines that said another object closest to the other end of
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the display area 1s within the fourth distance from the other
end of the display area, the screen control means scrolls the
display content of the virtual space so that said another object
1s displayed at a position the fourth distance from the other
end of the display area.

Based on the ninth aspect, when an object that 1s close to an
end of the screen 1s present, the screen scrolls, whereby it 1s
possible to enhance the visibility of the vicinity of the object
in the virtual space.

In a tenth aspect, based on the ninth aspect, the second
distance and the fourth distance are different in values.

Based on the tenth aspect, it 1s possible to control the
display content of the screen 1n accordance with the charac-
teristics of the movement of an object, whereby 1t 1s possible
to perform screen display that 1s more easily viewable.

In an eleventh aspect, based on the ninth aspect, with
respect to the reference axis direction, one of the sides of the
one end and the other end of the display area 1s set as a priority
side. When the object closest to the one end of display area 1s
within the second distance from the one end of the display
area and said another object closest to the other end of the
display area 1s within the fourth distance from the other end of
the display area, the screen control means scrolls the display
content of the virtual space toward the side set as the priority
side.

Based on the eleventh aspect, when objects that are
approaching both ends of the screen are present, it 1s possible
to enhance the visibility on the priority side.

In a twellth aspect, based on the first aspect, the game
program further causes the computer to function as inter-
object distance calculation means (S74) and zoom-out deter-
mination means (S75). The inter-object distance calculation
means calculates, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest from
cach other with respect to the reference axis direction. The
zoom-out determination means determines whether or not the
distance calculated by the inter-object distance calculation
means 1s greater than a predetermined zoom-out threshold.
The screen control means includes zoom-out means (S81,
S82, S80) for, when the zoom-out determination means deter-
mines that the distance calculated by the inter-object distance
calculation means 1s greater than the zoom-out threshold,
zooming out from an 1mage of the virtual space at a predeter-
mined magnification.

In a thirteenth aspect, based on the twelfth aspect, the
zoom-out means gradually zooms out from, with a passage of
time, the image of the virtual space until the 1mage 1s dis-
played at the predetermined magnification.

In a fourteenth aspect, based on the thirteenth aspect, when
it 1s determined that the distance calculated by the inter-object
distance calculation means falls below the zoom-out thresh-
old while the zoom-out means controls the gradual zooming
out from the 1mage of the virtual space, the zoom-out means
cancels the control of the zooming out.

Based on the twelfth and fourteenth aspects, 1t 1s possible to
perform screen display that makes objects easily recogniz-
able to the players.

In a fifteenth aspect, based on the first aspect, the game
program further causes the computer to function as inter-
object distance calculation means (S74) and zoom-1n deter-
mination means (576). The inter-object distance calculation
means calculates, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest from
cach other with respect to the reference axis direction. The
zoom-1n determination means determines whether or not the
distance calculated by the inter-object distance calculation
means 1s smaller than a predetermined zoom-in threshold.
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The screen control means includes zoom-1n mean (5877, S78,
S80) for, when the zoom-1n determination means determines
that the distance calculated by the inter-object distance cal-
culation means 1s smaller than the zoom-1in threshold, zoom-
ing in on an image of the virtual space at a predetermined
magnification.

In a sixteenth aspect, based on the fifteenth aspect, the
zoom-1nmeans gradually zooms 1n on, with a passage of time,
the 1mage of the virtual space until the image 1s displayed at
the predetermined magnification.

In a seventeenth aspect, based on the sixteenth aspect,
when 1t 1s determined that the distance calculated by the
inter-object distance calculation means exceeds the zoom-1n
threshold while the zoom-in means controls the gradual
zooming in on the image of the virtual space, the zoom-1n
means cancels the control of the zooming 1n.

Based on the fifteenth and seventeenth aspects, 1t 1s pos-
sible to perform screen display that makes objects easily
recognizable to the players.

In an eighteenth aspect, based on the first aspect, the game
program lurther causes the computer to function as orthogo-
nal axis direction midpoint calculation means (S101) for cal-
culating an orthogonal axis direction midpoint with respectto
an orthogonal axis direction, the orthogonal axis direction
midpoint being a center, position based on the positions of the
plurality of objects 1n the virtual space and the orthogonal axis
direction being orthogonal to the reference axis direction. The
screen control means scrolls, along the orthogonal axis direc-
tion, the display content of the virtual space so that a position
of the orthogonal axis direction midpoint 1s a center position
of the display area with respect to the orthogonal axis direc-
tion.

Based on the eighteenth aspect, it 1s possible, in accordance
with the characteristics of the movement of an object, to
perform screen display that 1s easily viewable to the players.

In a mineteenth aspect, based on the eighteenth aspect, with
respect to the orthogonal axis direction, one of sides of one
end and the other end of the display area 1s set as a priority
side. The game program further causes the computer to func-
tion as third determination means (S103) for determining
whether or not a position of one of the plurality of objects 1s
a position within a fifth distance from the end corresponding
to the priority side with respect to the orthogonal axis direc-
tion. When 1t 1s determined that the position of one of the
plurality of objects 1s a position within the fifth distance from
the end corresponding to the priority side, the screen control
means scrolls the display content of the virtual space so that
the one object 1s displayed at a position the fifth distance from
the end corresponding to the priorty side.

Based on the nineteenth aspect, when an object that 1s
approaching an end of the screen with respect to the direction
orthogonal to a predetermined axis direction, 1t 1s possible to
enhance the visibility of the moving direction of the object.

In a twentieth aspect, based on the eighteenth aspect, the
game program further causes the computer to function as first
inter-object distance calculation means (573), second 1inter-
object distance calculation means (S72), and zoom-out deter-
mination means (S74, S75). The first inter-object distance
calculation means calculates, 1n the virtual space, a distance
between two objects, among the plurality of objects, that are
farthest from each other with respect to the reference axis
direction. The second inter-object distance calculation means
calculates, in the wvirtual space, a distance between two
objects, among the plurality of objects, that are farthest from
cach other with respect to the orthogonal axis direction. The
zoom-out determination means determines whether or not
one of the distances calculated in the first inter-object distance
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calculation means and the second inter-object distance calcu-
lation means 1s greater than a predetermined zoom-out
threshold. The screen control means includes zoom-out
means for, when the zoom-out determination means deter-
mines that one of the calculated distances 1s greater than the
zoom-out threshold, zooming out from an 1mage of the virtual

space at a predetermined magnification.

Based on the twentieth aspect, When the distances between
a plurality of objects increases, zooming out 1s performed on
the screen, whereby 1t 1s possible to perform screen display
that makes the visibility of the vicinity of the objects easily
recognizable to the players.

In a twenty-first aspect, based on the eighteenth aspect, the
game program further causes the computer to function as first
inter-object distance calculation means, second 1nter-object
distance calculation means, and zoom-in determination
means. The first inter-object distance calculation means cal-
culates, 1n the virtual space, a distance between two objects,
among the plurality of objects, that are farthest from each
other with respect to the reference axis direction. The second
inter-object distance calculation means calculates, in the vir-
tual space, a distance between two objects, among the plural-
ity of objects, that are farthest from each other with respect to
the orthogonal axis direction. The zoom-in determination
means determines whether or not one of the distances calcu-
lated by the first inter-object distance calculation means and
the second 1nter-object distance calculation means 1s smaller
than a predetermined zoom-in threshold. The screen control
means includes zoom-in means for, when the zoom-in deter-
mination means determines that one of the calculated dis-
tances 1s smaller than the zoom-1in threshold, zooming 1n on
an 1mage of the virtual space at a predetermined magnifica-
tion.

Based on the twenty-first aspect, when the distances
between a plurality of objects decreases, zooming 1n 1s per-
formed on the screen, whereby 1t 1s possible to perform screen
display that makes the visibility of the vicinity of the objects
casily recognizable.

In a twenty-second aspect, based on the first aspect, the
plurality of objects are player objects that are capable of
operated by a plurality of players using predetermined opera-
tion devices, respectively.

Based on the twenty-second aspect, in a multi-player
simultaneous game, it 1s possible to perform screen display
that 1s easily viewable to the players.

In a twenty-third aspect, based on the first aspect, the game
program further causes the computer to function as change
occurrence determination means (S3) for determining
whether or not the number of the plurality of objects dis-
played on a game screen has changed. The screen control
means includes switch control means (S6, S7) for, when the
change occurrence determination means determines that the
change has occurred, controlling the display content of the
display area so that a display content of a display area con-
trolled based on the objects before the change gradually
approaches a display content of a display area controlled
based on the objects after the change.

In a twenty-fourth aspect, based on the twenty-second
aspect, the game program further causes the computer to
function as change occurrence determination means (S5) for
determining whether or not the number of the plurality of
objects displayed on a game screen has changed. The screen
control means includes switch control means (S6, S7) for,
when the change occurrence determination means determines
that the change has occurred, controlling the display content
of the display area so that a display content of a display area
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controlled based on the objects before the change gradually
approaches a display content of a display area controlled by
the objects after the change.

Based on the twenty-third and twenty-fourth aspects, it 1s
possible to perform screen display that makes objects easily
recognizable to the players.

In a twenty-fifth aspect, based on the twenty-second
aspect, the game program further causes the computer to
function as operation mput determination means (5162),
proximal player object presence determination means
(S163), and operation combination means (S164). The opera-
tion input determination means determines whether or not a
predetermined operation has been 1nput from one of the pre-
determined operation devices. When the operation input
determination means determines that the predetermined
operation has been input, the proximal player object presence
determination means determines whether or not, among the
player objects, within a predetermined range from a player
object corresponding to the operation device subjected to the
predetermined operation, another player object i1s present.
When the proximal player object presence determination
means determines that another player object 1s present within
the predetermined range, the operation combination means
allows said another player object and the player object corre-
sponding to the operation device subjected to the predeter-
mined operation to be operated 1n a combined manner.

Based on the twenty-fifth aspect, 1t 1s possible to enhance
the interest of a multiplayer game, particularly a cooperative
game, and therefore enhance the 1nterest of the game.

In a twenty-sixth aspect, based on the twenty-fifth aspect,
the predetermined operation devices each include an accel-
cration sensor. The operation mput determination means
determines whether or not an acceleration that 1s greater than
a predetermined value has been detected with a predeter-
mined button of the predetermined operation device pressed
down.

Based on the twenty-sixth aspect, 1t 1s possible to provide a
variety of operation contents with simple operations, and 1t 1s
also possible to prevent an erroneous operation from being
performed.

In a twenty-seventh aspect, based on the twenty-fifth
aspect, while said another player object and the player object
corresponding to the operation device subjected to the prede-
termined operation are capable of being operated 1n a com-
bined manner, the player object corresponding to the opera-
tion device subjected to the predetermined operation 1s
capable of using a predetermined action characteristic that 1s
set 1n said another player object.

Based on the twenty-seventh aspect, it 1s possible to
enhance the interest of a multiplayer game.

A twenty-eighth aspect 1s a game apparatus for displaying,
in a predetermined display area of a display device, a virtual
space in which a plurality of objects are present, and the game
apparatus 1ncludes reference point calculation means (10),
first determination means (10), and screen control means
(10). The reference point calculation means calculates a rei-
erence point with respect to a reference axis direction, the
reference point being a center position based on positions of
the plurality of objects and the reference axis direction being
a predetermined axis direction of the display area. The first
determination means determines whether or not a position of
the reference point 1s a position within a first distance from an
end of the display area with respect to the reference axis
direction. When the first determination means determines that
the position of the reference point 1s a position within the first
distance from the end of the display area, the screen control
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means scrolls, along the reference axis direction, a display
content of the virtual space displayed in the display area.

Based on the twenty-e1ghth aspect, 1t 1s possible to obtain a
similar effect to that of the first aspect.

Based on the present invention, even when a plurality of
objects that rapidly move are displayed on the screen, it 1s
possible to perform screen display that is easily viewable to
the players.

These and other objects, features, aspects and advantages
ol the present invention will become more apparent from the
following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an external view illustrating a game system 1
according to an embodiment of the present invention;

FIG. 2 1s a functional block diagram of a game apparatus 3;

FIG. 3 1s a perspective view showing a controller 7 from the
top rear side thereof;

FIG. 4 1s a perspective view showing the controller 7 from
the bottom front side thereot;

FIG. 5 1s a perspective view showing the controller 7 with
an upper casing thereol removed;

FIG. 6 1s a perspective view showing the controller 7 with
a lower casing thereof removed;

FIG. 7 1s a block diagram showing the structure of the
controller 7;

FIG. 8 1s an example of the screen of a game assumed 1n the
present embodiment;

FI1G. 9 1s adiagram illustrating the concept of a display area
in the present embodiment;

FI1G. 10 1s a diagram 1llustrating an operation method of the
game 1n the present embodiment;

FIG. 11 1s a diagram illustrating an upliit operation;

FIG. 12 1s a diagram 1illustrating the uplift operation;

FIG. 13 1s a diagram illustrating the uplift operation;

FIG. 14 1s a diagram illustrating the uplift operation;

FIG. 15 1s a diagram 1llustrating the uplift operation;

FIG. 16 1s a diagram 1llustrating an overview of single-
player horizontal scroll;

FIG. 17 1s a diagram 1llustrating an overview of single-
player vertical scroll;

FIG. 18 1s a diagram illustrating an overview ol multiplayer
horizontal scroll;

FIG. 19 1s a diagram illustrating an overview of the multi-
player horizontal scroll;

FI1G. 20 1s a diagram illustrating an overview of multiplayer
vertical scroll;

FIG. 21 1s a diagram 1illustrating an overview of the multi-
player vertical scroll;

FIG. 22 1s a diagram illustrating an overview of the multi-
player vertical scroll;

FIG. 23 1s a diagram 1llustrating an overview of multiplayer
vertical scroll;

FIG. 24 1s a diagram 1llustrating an overview of the multi-
player vertical scroll;

FIG. 25 1s a diagram showing an example of zooming 1n;

FIG. 26 15 a diagram showing an example of zooming out;

FI1G. 27 1s a diagram 1illustrating a switch process;

FIG. 28 1s a diagram showing a memory map of an external
main memory 12 of the game apparatus 3;

FI1G. 29 1s a flow chart showing game processing according,
to the present invention;

FIG. 30 1s a flow chart showing details of an uplift process;

FIG. 31 1s a flow chart showing details of the uplift process;
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FIG. 32 1s a flow chart showing details of a single-player
screen control process of step S9 of FIG. 29;

FIG. 33 1s a tlow chart showing details of a single-player
horizontal scroll control process of step S22 of FIG. 32;

FI1G. 34 1s a flow chart showing details of a single-player
vertical scroll control process of step S23 of FIG. 32;

FIG. 35 1s a flow chart showing details of a multiplayer
screen control process of step S10 of FIG. 29;

FIG. 36 1s a tlow chart showing details of a target zoom
magnification calculation process of step S353 of FIG. 35;

FIG. 37 1s a flow chart showing details of a zoom cancel-
lation determination process of step S57 of FIG. 35;

FIG. 38 1s a flow chart showing details of a multiplayer
horizontal scroll process of step S62 of FIG. 35;

FIG. 39 1s a flow chart showing details of a multiplayer
vertical scroll process of step S63 of FIG. 35;

FI1G. 40 1s a flow chart showing details of the multiplayer
vertical scroll process of step S63 of FIG. 35;

FIG. 41 1s a flow chart showing details of an at-time-oi-
changing-number-of-player-objects control process of step
S6 of FIG. 29; and

FI1G. 42 1s a flow chart showing details of a screen control

process based on complementary parameters of step S7 of
FIG. 29.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

An embodiment of the present invention will be described
below with reference to the drawings. Note that this embodi-
ment does not limit the scope of the present invention 1n any
way.

(Overall Structure of Game System)

A game system 1 including a game apparatus according to
an embodiment of the present invention will be described
with reference to FIG. 1. FIG. 1 1s an external view of the
game system 1. A game apparatus and a game program
according to the present embodiment will be described below,
taking a stationary game apparatus as an example. Referring
to FIG. 1, the game system 1 includes a TV recetver (herein-
after referred to simply as a “TV”) 2, a game apparatus 3, an
optical disk 4, a controller 7, and a marker section 8. In the
game system 1 game processing 1s executed by the game
apparatus 3 based on a game operation performed with the use
ol the controller 7.

In the game apparatus 3 the optical disk 4, which 1s an
example of an information storage medium exchangeably
used for the game apparatus 3, 1s detachably mounted. The
optical disk 4 has stored therein a game program to be
executed by the game apparatus 3. The game apparatus 3 has
an opening on the front surface thereof for mounting the
optical disk 4. The game apparatus 3 reads and executes the
game program stored in the optical disk 4 inserted 1nto the
opening, and thereby executes game processing.

The game apparatus 3 1s connected to the TV 2, which 1s an
example of a display device, via a connection cord. The TV 2
displays a game 1mage obtained as a result of the game pro-
cessing executed by the game apparatus 3. In the adjacent area
of the display screen of the TV 2 (above the display screen 1n
FIG. 1) the marker section 8 1s provided. The marker section
8 includes at two ends thereof two markers 8R and 8L, respec-
tively. Specifically, the marker 8R (also the marker BL)
includes one or more mifrared LEDs, and outputs infrared
light forward from the TV 2. The marker section 8 1s con-
nected to the game apparatus 3, so that the game apparatus 3
can control each of the infrared LEDs included in the marker
section 8 to be lit on or off.
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The controller 7 1s an mput device for providing the game
apparatus 3 with operation data representing the particulars of
the operation performed thereon. The controller 7 and the
game apparatus 3 are connected to each other via wireless
communication. In the present embodiment the controller 7
and the game apparatus 3 wirelessly communicate with each
other using, for example, the Bluetooth (registered trade-
mark) technology. Note that 1n another embodiment the con-
troller 7 and the game apparatus 3 may be connected to each
other 1n a wired manner.

(Internal Structure of Game Apparatus 3)

The internal structure of the game apparatus 3 will be
described with reference to FIG. 2. FIG. 2 1s a block diagram
showing the structure of the game apparatus 3. The game

apparatus 3 includes a CPU 10, a system LSI 11, an external
main memory 12, a ROM/RTC 13, a disk drive 19, an AV-IC

15, and the like.
The CPU 10, which performs game processing by execut-
ing the game program stored in the optical disk 4, functions as

a game processor. The CPU 10 1s connected to the system LSI
11. The system L.S111 1s connected to the CPU 10 and also to

the external main memory 12, the ROM/RTC 13, the disk
drive 14, and the AV-1IC 15. The system LSI 11, for example,
controls data transfer between the elements connected
thereto, generates 1mages to be displayed, and obtains data
from external devices. The internal structure of the system
L.SI 11 will be described below. The external main memory
12, which 1s of a volatile type, stores therein programs includ-
ing the game program read from the optical disk 4, the game
program read from a flash memory 17, or various other data.
The external main memory 12 1s used as a work area or a
bufler area of the CPU 10. The ROM/RTC 13 includes a ROM
(a so-called boot ROM) having incorporated therein a pro-
gram lor starting the game apparatus 3 and also includes a
clock circuit (RTC: Real Time Clock) for counting time. The
disk drive 14 reads program data, texture data, or the like from
the optical disk 4, and writes the read data mto an internal
main memory 1le described below or the external main
memory 12.

The system LSI 11 includes an input/output processor (1/O
processor) 11a, a GPU (Graphics Processor Unit) 115, a DSP
(Digital Signal Processor) 11¢, a VRAM 114, and an internal
main memory 11e. Although not shown, these elements 11a
through 11e are connected to each other via an internal bus.

The GPU 11b, which forms a part of drawing means,
generates an image 1n accordance with a graphics command
(a command to draw an 1mage) from the CPU 10. More
specifically, the GPU 115 generates game i1mage data by
performing, 1n accordance with the graphics command, a
calculation process that 1s necessary for displaying 3D graph-
1cs, such as coordinate transformation from 3D coordinates to
2D coordinates, which 1s a preprocessing step of rendering,
and the application of a texture, which is a final process of
rendering. Here, the CPU 10 provides the GPU 115 with an
image generation program that 1s necessary for generating the
game 1mage data, as well as the graphics command. The
VRAM 11d stores therein data (polygon data, texture data,
etc.) that1s necessary for the GPU 115 to execute the graphics
command. The GPU 115 uses the data stored in the VRAM
11d to generate 1mage data.

The DSP 11c¢ functions as an audio processor and generates
audio data by using sound data, acoustic wavetform (timbre)
data, and the like that are stored in the internal main memory
11e or the external main memory 12. Similarly to the external
main memory 12, the internal main memory 11e stores a
program or various other data, and 1s used as a work area or a

butter area of the CPU 10.
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The image data and the audio data that have been generated
as described above are read by the AV-IC 15. The AV-IC 15
outputs the read 1image data to the TV 2 via an AV connector
16, and also outputs the read audio data to a speaker 2a built
in the TV 2. Thus an image 1s displayed onthe TV 2 and also
a sound 1s output from the speaker 2a.

The input/output processor 11a transmits or receives data
to or from the elements connected thereto, or downloads data
from external devices. The mput/output processor 11a 1s con-
nected to the flash memory 17, a wireless communication
module 18, a wireless controller module 19, an extension
connector 20, and a memory card connector 21. The wireless
communication module 18 1s connected to an antenna 22. The
wireless controller module 19 1s connected to an antenna 23.

The 1input/output processor 11a 1s connected to a network
via the wireless communication module 18 and the antenna
22, and therefore can communicate with other game appara-
tuses or various servers that are also connected to the network.
The mput/output processor 11la periodically accesses the
flash memory 17 and detects the presence or absence of data
required to be transmitted to the network. When the data 1s
present, the mput/output processor 11a transmits the data to
the network via the wireless communication module 18 and
the antenna 22. The input/output processor 11a also receives
data transmitted from other game apparatuses or data down-
loaded from a download server, via the network, the antenna
22, and the wireless communication module 18, and stores
the received data in the flash memory 17. The CPU 10
executes the game program, and thereby reads the data stored
in the flash memory 17 and uses the read data for the game
program. The flash memory 17 may have stored therein data
(data stored after or during the game) saved as a result of
playing the game with use of the game apparatus 3, as well as
data to be transmitted to, or data received from, other game
apparatuses or various Servers.

The nput/output processor 11a also receirves operation
data transmitted from the controller 7 via the antenna 23 and
the wireless controller module 19, and stores (temporarily
stores) the operation data 1n a butler area of the internal main
memory 11e or the external main memory 12.

The 1input/output processor 11a 1s connected to the exten-
sion connector 20 and the memory card connector 21. The
extension connector 20, which 1s a connector for an interface
such as USB or SCSI, can be connected to a medium such as
an external storage medium, can be connected to a peripheral
device such as another controller, or can be connected to a
wired communication connector and thereby communicate
with the network 1instead of the wireless communication mod-
ule 18. The memory card connector 21 1s a connector for
connecting an external storage medium such as a memory
card. For example, the input/output processor 11a can access
an external storage medium via the extension connector 20 or
the memory card connector 21, and therefore can store or read
data.

The game apparatus 3 has a power button 24, a reset button
235, and an eject button 26. The power button 24 and the reset
button 25 are connected to the system LSI 11. When the
power button 24 1s turned on, all the elements of the game
apparatus 3 are supplied with power via an AC adaptor (not
shown). When the power button 29 is pressed in the state
where power 1s on, the mode switches to alow-power standby
mode. Since a current 1s being applied to the game apparatus
3 even 1n this state, it 1s possible to constantly keep the game
apparatus 3 connected to a network such as the Internet. Note
that when 1t 1s desired to turn off power 1n the state where
power 1s on, 1t 1s possible to turn, ofl power by pressing the
power button 24 long for more than a predetermined period of
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time. When the reset button 25 1s pressed, the system LSI 11
restarts a starting program of the game apparatus 3. The ¢ject
button 26 i1s connected to the disk drive 14. When the ¢ject
button 26 1s pressed, the optical disk 4 1s ¢jected from the disk
drive 19.

The controller 7 will be described with reference to FIGS.
3 and 4. Note that FIG. 3 1s a perspective view showing the
controller 7 from the top rear side thereof. FIG. 4 15 a per-
spective view showing the controller 7 from the bottom front
side thereof.

Referring to FIGS. 3 and 4, the controller 7 includes a
housing 71 and an operation section 72 having a plurality of
operation buttons provided on the surfaces of the housing 71.
The housing 71 has a generally parallelepiped shape extend-
ing 1n the longitudinal direction from front to rear. The whole
housing 71 can be held with one hand by an adult or even a
chuld. The housing 71 1s formed by, for example, plastic
molding.

At the center of the anterior part of the top surface of the
housing 71a cross key 72a 1s provided. The cross key 72a 1s
a cross-shaped four-direction push switch. The cross key 72a
includes operation portions corresponding to four directions
(front, rear, right, and left), which are respectively placed on
the projecting portions, arranged at 90 degree intervals, of the
cross shape. The player selects one of the front, rear, right, and
left directions by pressing one of the operation portions of the
cross key 72a. For example, through an operation on the cross
key 72a, the player can mstruct a player character or the like
that appears 1n a virtual game world to move 1n the indicated
direction, or select one of a plurality of options.

Note that the cross key 72a 1s an operation section for
outputting an operation signal in accordance with the player’s
direction 1nput operation described above; however, such an
operation section may be provided 1n another form. For
example, the cross key 72a may be replaced by an operation
section that has four separate push switches extending in four
directions corresponding to a cross, and may output an opera-
tion signal 1n accordance with one of the four push switches
pressed by the player. Alternatively, an operation section may
be provided that has a center switch, at the position at which
the four directions meet, as well as and 1n combination with
the above four push switches. Yet alternatively, the cross key
72a may be replaced by an operation section that includes an
inclinable stick (a so-called joystick) projecting from the top
surface of the housing 71 and outputs an operation signal 1n
accordance with the inclining direction of the stick. Yet alter-
natively, the cross key 72a may be replaced by an operation
section that includes a disk-shaped member horizontally slid-
able and outputs an operation signal 1n accordance with the
sliding direction of the disk-shaped member. Yet alterna-
tively, the cross key 72a may be replaced by a touch pad.

Posterior to the cross key 72a on the top surface of the
housing 71, a plurality of operation buttons 725, 72¢, 72d,
72e, 721, and 72g are provided. The operation buttons 725,
T2¢,72d, T2e, 72f, and 72¢g are operation sections for output-
ting, when the player presses the heads of the buttons, opera-
tion signals assigned to the operation buttons 725, 72¢, 72d,
72¢, 721, and 72g, respectively. For example, the operation
buttons 72b, 72¢, and 72d are assigned functions of a first
button, a second button, and an A-button, respectively. Fur-
ther, for example, the operation buttons 72e¢, 72/, and 72¢g are
assigned functions of a minus button, a home button, and a
plus button, respectively. The operation buttons 72a, 725,
T2c, 72d, T2e, T2f, and 72¢g are assigned various operation
functions 1 accordance with the game program to be
executed by the game apparatus 3. Note that referring to an
example arrangement shown 1n FIG. 3, the operation buttons
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72b, T2¢, and 72d are arranged in a line in the front/rear
direction 1n the center on the top surtace of the housing 71.
The operation buttons 72e, 72/, and 72¢ are arranged 1n a line
in the left/right direction between the operation buttons 7256
and 72d on the top surface of the housing 71. The operation
button 721 has the top surface thereof buried in the top surface
of the housing 71, so as not to be tnadvertently pressed by the
player.

Anterior to the cross key 72a on the top surface of the
housing 71, an operation button 72/ 1s provided. The opera-
tion button 72/ 1s a power switch for remotely turning on/oif
power to the game apparatus 3. The operation button 72/ also
has the top surface thereof buried in the top surface of the
housing 71, so as not to be inadvertently pressed by the player.

Posterior to the operation button 72¢ on the top surface of
the housing 71, a plurality of LEDs 702 are provided. The
controller 7 1s assigned a controller type (number) so as to be
distinguishable from other controllers 7. For example, the
LEDs 702 may be used to inform the player of the controller
type currently set for the controller 7 that he/she 1s using.
Specifically, when transmission data 1s transmitted from the
controller 7 to the game apparatus 3, one of the plurality of
LEDs 702 that corresponds to the controller type 1s lit on.

Between the operation button 7256 and the operation but-
tons 72e, 72f and 72¢g on the top surface of the housing 71, a
sound hole 1s provided for outputting to the outside a sound
from a speaker (a speaker 706 shown in FIG. 5) described
below.

On the other hand, on the bottom surface of the housing 71a
recessed portion 1s formed. The recessed portion 1s formed at
the position at which an index finger or a middle finger of the
player 1s to be placed when the player holds the controller 7
with one hand while orienting the front surface of the con-
troller 7 toward the markers 8L. and 8R. On a slope surface (on
the rear surface side) of the recessed portion an operation
button 72i 1s provided. The operation button 72 1s an opera-
tion section that functions as, for example, a B-button.

On the front surface of the housing 71 an image pickup
device 743 included 1n an 1maging information calculation
section 74 1s provided. The imaging information calculation
section 74 1s a system for analyzing image data captured by
the controller 7, determining an area having a high brightness
in the 1image data, and therefore detecting the center of grav-
ity, the size, and the like of the determined area. The imaging
information calculation section 74 has a maximum sampling
period of, for example, about 200 frames/sec., and therefore
can trace and analyze even a relatively fast motion of the
controller 7. The imaging information calculation section 74
will be described 1n detail below. On the rear surface of the
housing 71a connector 73 1s provided. The connector 73 may
be, for example, an edge connector, and 1s used to engage and
connect with, for example, a connecting cable.

Here, 1n order to make the following description specific, a
coordinate system to be set for the controller 7 1s defined. As
shown 1n FIGS. 3 and 4, an X-axis, a Y-axis, and a Z-axis,
which are orthogonal to each other, are defined for the con-
troller 7. Specifically, the longitudinal direction of the hous-
ing 71 corresponding to the front/rear direction of the con-
troller 7 1s defined as a Z-axis direction, and the direction
toward the front surface (the surface on which the imaging
information calculation section 74 1s provided) of the con-
troller 7 1s defined as a Z-axis positive direction. The up/down
direction of the controller 7 1s defined as a Y-axis direction,
and a direction toward the bottom surface (the surface on
which the operation button 72a and the like are provided) of
the housing 71 1s defined as a Y-axis positive direction. The
left/right direction of the controller 7 1s defined as an X-axis
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direction, and the direction toward the left side surface (a side
surface not shown 1 FIG. 3 but shown 1n FIG. 4) of the
housing 71 1s defined as an X-axis positive direction.

The 1nternal structure of the controller 7 will be described
with reference to FIGS. 5 and 6. Note that FIG. 5 1s a per-
spective view, from the top rear surface of the controller 7,
showing a state where an upper casing (a part of the housing
71) of the controller 7 1s removed. FIG. 6 1s a perspective
view, from the bottom front surface of the controller 7, show-
ing a state where a lower casing (a part of the housing 71) of
the controller 7 1s removed. FIG. 6 1s a perspective view
showing the reverse side of a substrate 700 shown 1n FIG. 5.

Referring to FIG. 5, the substrate 700 1s fixed within the
housing 71. On the top main surface of the substrate 700 the
operation buttons 72a, 72b, 7T2c, 72d, T2e, T2f, 72g and 72A,
an acceleration sensor 701, the LEDs 702, an antenna 754,
and the like are provided. These elements are connected to a
microcomputer 751 (see FIGS. 6 and 7) and the like via wires
(not shown) formed on the substrate 700 and the like. The
microcomputer 751 functions to generate operation button
data corresponding to the type of operation button, such as the
operation button 72a. This structure, which 1s a known tech-
nique, 1s implemented, for example, where the microcom-
puter 751 detects that a switch mechanism such as a tactile
switch provided under a key top connects/disconnects wires.
More specifically, when an operation button 1s pressed, wires
contact each other and a current 1s applied thereto. Then the
microcomputer 751 detects which operation button 1s con-
nected to the wires having caused the application of the cur-
rent, and generates a signal corresponding to the type of
operation button.

A wireless module 753 (see FIG. 7) and the antenna 754
allow the controller 7 to function as a wireless controller. Note
that a quartz oscillator (not shown), which 1s prowded within
the housing 71, generates a reference clock of the microcom-
puter 751 described below. On the top main surface of the
substrate 700 the speaker 706 and an amplifier 708 are pro-
vided. The acceleration sensor 701 1s provided on the sub-
strate 700 to the left of the operation button 724 (1.e., provided
not 1n the center portion but 1n the peripheral portion of the
substrate 700). Accordingly, in accordance with the rotation
of the controller 7 about the axis of the longitudinal direction
thereol, the acceleration sensor 701 can detect an acceleration
containing a centrifugal force component, as well as a direc-
tional change of a gravity acceleration. Thus, by a predeter-
mined calculation, the game apparatus 3 and the like can
determine the rotation of the controller 7 based on the
detected acceleration data with excellent sensitivity.

On the other hand, referring to FI1G. 6, at the front edge of
the bottom main surface of the substrate 700 the imaging
information calculation section 74 1s provided. The imaging
information calculation section 74 includes an infrared filter
741, a lens 742, the image pickup device 743, and an image
processing circuit 744 that are placed in order starting from
the front surface of the controller 7 and attached on the bottom
main surface of the substrate 700. At the rear edge of the
bottom main surface of the substrate 700 the connector 73 1s
attached. On the bottom main surface of the substrate 700 a
sound IC 707 and the microcomputer 751 are provided. The
sound IC 707, connected to the microcomputer 751 and the
amplifier 708 via the wires formed on the substrate 700 and
the like, outputs an audio signal to the speaker 706 via the
amplifier 708 1n accordance with the sound data transmaitted
from the game apparatus 3.

On the bottom main surface of the substrate 700 a vibrator
704 1s attached. The vibrator 704 may be, for example, a
vibration motor or a solenoid. The vibrator 704, connected to
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the microcomputer 751 via the wires formed on the substrate
700 and the like, 1s powered on/oil 1

in accordance with vibra-
tion data transmitted from the game apparatus 3. The control-
ler 7 1s vibrated by the actuation of the vibrator 704, and the
vibration 1s conveyed to the player’s hand holding the con-
troller 7. Thus a so-called vibration-feedback game can be
realized. Since the vibrator 704 1s placed slightly anterior to
the center of the housing 71, a large vibration of the housing,
71 allows the player holding the controller 7 to easily feel the
vibration.

The internal structure of the controller 7 will be described
with reference to FIG. 7. Note that FIG. 7 1s a block diagram
showing the structure of the controller 7.

Referring to FIG. 7, the controller 7 includes a communi-
cation section 75, as well as the operation section 72, the
imaging information calculation section 74, the acceleration
sensor 701, the vibrator 704, the speaker 706, the sound IC
707, and the amplifier 708 that are described above.

The 1maging information calculation section 74 includes
the infrared filter 741, the lens 742, the image pickup device
743, and the image processing circuit 744. The infrared filter
741 passes only infrared light, among the light incident on the
front surface of the controller 7. The lens 742 collects the
infrared light having passed through the infrared filter 741,
and emits the inirared light to the image pickup device 743.
The image pickup device 743, which 1s a solid-state 1mage
pickup device such as a CMOS sensor or a CCD, captures the
infrared light collected by the lens 742. Accordingly, the
image pickup device 743 captures only the infrared light
having passed through the infrared filter 741, and thereby
generates image data. The image data generated by the image
pickup device 743 1s processed by the image processing cir-
cuit 744. Specifically, the image processing circuit 744 pro-
cesses the 1image data obtained by the image pickup device
743, senses an area having a high brightness in the image data,
and outputs to the communication section 75 the process
result data representing the result of the detected position
coordinates and the detected size of the area. Note that the
imaging information calculation section 74 1s fixed to the
housing 71 of the controller 7, so that the capturing direction
of the 1maging information calculation section 74 can be
changed by the change of the direction of the housing 71 per
se. Based on the process result data output from the imaging
information calculation section 74, 1t 1s possible to obtain
signals corresponding to the position and the motion of the
controller 7.

It 1s preferable that the controller 7 includes a three-axis
(X-ax1s, Y-axis, and Z-axis) acceleration sensor 701. The
three-axis acceleration sensor 701 senses linear accelerations
in three directions, 1.e., the up/down, left/ rlght and front/rear
directions. In another embodiment, two-axis acceleration
detection means for sensing linear accelerations along only
the up/down and left/right directions (or another pair of direc-
tions) may be used depending on the types of control signals
used for game processing. For example, this three-axis or
two-axis acceleration sensor 701 may be of the type available
from Analog Devices, Inc. or STMicroelectronics N.V. The
acceleration sensor 701 may also be an electrostatic capaci-
tance (capacitance-coupling) type that 1s based on silicon
micro-machined MEMS (Micro Electro Mechanical Sys-
tems) technology. However, the existing technology (e.g.,
piezoelectric type or piezoresistance type) of acceleration
detection means or any other suitable technology developed
in the future may be used to provide the three-axis or two-axis
acceleration sensor 701.

As known to those skilled in the art, such acceleration
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capable of sensing only an acceleration (a linear acceleration)
along a straight line corresponding to each axis of the accel-
eration sensor 701. In other words, direct output from the
acceleration sensor 701 1s a signal representing the linear
acceleration (static or dynamic) along each of the two axes or
three axes of the acceleration sensor 701. As a result, the
acceleration sensor 701 cannot directly sense physical char-
acteristics such as a motion along a non-linear (e.g., arcuate)
path, a rotation, a rotational motion, an angular displacement,
a tilt, a position, and an orientation.

Note that as those skilled in the art will readily understand
from the description herein, a computer such as a processor
(e.g., the CPU 10) of the game apparatus 3 or a processor
(e.g., the microcomputer 751) of the controller 7 may perform
a process based on acceleration signals output from the accel-
eration sensor 701, whereby 1t 1s possible to estimate or
calculate (determine) further information about the controller
7. For example, in the case where the computer performs a
process on the assumption that the controller 7 having the
acceleration sensor 701 1s 1n a static state (1.e., on the assump-
tion that the acceleration detected by the acceleration sensor
701 1s limited to a gravitational acceleration), 1f 1n actuality
the controller 7 1s 1n a static state, 1t 1s possible to determine,
based on the detected acceleration, whether or not the con-
troller 7 1s tilted 1n the direction of gravity, and also to deter-
mine to what degree the controller 7 1s tilted. Specifically,
with reference to the state where the detection axis of the
acceleration sensor 701 1s directed 1n a vertically downward
direction, 1t 1s possible to determine, based only on whether or
not 1G (a gravitational acceleration) 1s applied to the accel-
eration sensor 701, whether or not the controller 7 1s tilted,
and 1t 1s also possible to determine, based on the magnitude of
the gravitational acceleration, to what degree the controller 7
1s tilted. Alternatively, 1n the case of using a multi-axis accel-
eration sensor, the computer may perform a process on the
acceleration signal of each axis, whereby it 1s possible to
determine 1n more detail to what degree the controller 7 1s
tilted. In this case, the processor may calculate data of the tilt
angle of the controller 7 based on the output from the accel-
eration sensor 701, or the processor may estimate an approxi-
mate degree of the t1lt of the controller 7 based on the output
from the acceleration sensor 701, without calculating data of
the talt angle. Thus the acceleration sensor 701 may be used in
combination with a processor, whereby 1t 1s possible to deter-
mine the tilt, the orientation, or the position of the controller
7. On the other hand, in the case where the computer performs
a process on the assumption that the controller 7 having the
acceleration sensor 701 1s 1n a dynamic state, an acceleration
corresponding to the motion of the acceleration sensor 701, as
well as a component of the gravitational acceleration, 1s
detected, and therefore it 1s possible to determine the motion
direction and the like of the controller 7 by removing the
component of the gravitational acceleration through a prede-
termined process. Specifically, when the controller 7 having
the acceleration sensor 701 1s moved by being dynamically
accelerated with the player’s hand, it 1s possible to calculate
various motions and/or positions of the controller 7 by per-
forming processes on the acceleration 51gnals generated by
the acceleration sensor 701. Note that even 1n the case where
the computer performs a process on the assumption that the
controller 7 having the acceleration sensor 701 1s 1 a
dynamic state, 1t 1s possible to determine the tilt of the con-
troller 7 1n the direction of gravity by removing the accelera-
tion corresponding to the motion of the acceleration sensor
701 through a predetermined process. In another embodi-
ment, the acceleration sensor 701 may include an embedded
signal processor or another type of dedicated processor for
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performing any desired process on the acceleration signals
output from built-in acceleration detection means prior to
outputting a signal to the microcomputer 751. For example,
when the acceleration sensor 701 1s intended to detect a static
acceleration (e.g., a gravitational acceleration), the embedded
signal processor or said another type of dedicated processor
may convert a sensed acceleration signal into a corresponding,
t1lt angle (or another preferable parameters).

In another embodiment, as a motion sensor for detecting
the motion of the controller 7, a gyro sensor may be used that
has built therein a rotation element, a vibration element, or the
like. An example of an MEMS gyro sensor used in the present
embodiment 1s available from Analog Devices, Inc. Unlike
the acceleration sensor 701, a gyro sensor can directly sense
a rotation (or an angular velocity) about an axis of at least one
gyro element built therein. Thus, since a gyro sensor and an
acceleration sensor are basically different from each other, 1t
1s necessary to appropriately change processes performed on
output signals from these devices, depending on which one of
the devices 1s selected for each purpose.

Specifically, when a tilt or an orientation 1s calculated using
a gyro sensor instead of an acceleration sensor, a significant
change 1s required. That 1s, when a gyro sensor 1s used, the
value of the tilt 1s 1mitialized at the start of detection. Then,
angular acceleration data output from the gyro sensor 1s 1nte-
grated. Next, the amount of change 1n ti1lt 1s calculated from
the 1nitialized tilt value. In this case, the calculated tilt has a
value corresponding to an angle. On the other hand, when a
t1lt 1s calculated using an acceleration sensor, the tilt 1s cal-
culated by comparing to a predetermined reference the value
of a component of a gravitational acceleration with respect to
cach axis. Therefore the calculated t1lt can be represented by
a vector, and an absolute direction can be detected by accel-
eration detection means without initialization. Note that the
value of the calculated t1lt 1s an angle when the gyro sensor 1s
used, while 1t 1s a vector when the acceleration sensor 1s used.
Theretfore, when the gyro sensor 1s used mstead of the accel-
eration sensor, the tilt data 1s required to be subjected to
predetermined conversion, with the difference between the
two devices taken 1into account. As well as the basic difference
between acceleration detection means and a gyro sensor, the
characteristics of a gyro sensor 1s well known to those skilled
in the art, and therefore will not be described 1n further detail
herein. A gyro sensor has the advantage of directly sensing a
rotation, while an acceleration sensor generally has the
advantage of being more cost-effective than a gyro sensor
when applied to such a controller as used 1n the present
embodiment.

The communication section 75 includes the microcom-
puter 751, a memory 752, the wireless module 753, and the
antenna 754 . With the use of the memory 752 as a storage area
during the process, the microcomputer 751 controls the wire-
less module 753 that wirelessly transmits transmission data.
The microcomputer 751 controls the operations of the sound
IC 707 and the vibrator 704, based on data recerved by the
wireless module 753 from the game apparatus 3 via the
antenna 754. The sound IC 707 processes sound data and the
like transmitted from the game apparatus 3 via the commu-
nication section 75. The microcomputer 751 also actuates the
vibrator 704 based on, for example, vibration data (e.g., a
signal for powering the vibrator 704 on or oil) transmitted
from the game apparatus 3 via the communication section 75.

Data from the controller 7 including operation signals (key
data) from the operation section 72, acceleration signals
(X-ax1s, Y-axis and Z-axis direction acceleration data; here-
mafter referred to simply as “acceleration data™) from the
acceleration sensor 701, and the process result data from the
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imaging information calculation section 74 1s output to the
microcomputer 751. The microcomputer 751 temporarily
stores 1n the memory 752 the received data (the key data, the
acceleration data, and the process result data) as transmission
data to be transmitted to the wireless controller module 19.
The wireless transmission from the communication section
75 to the wireless controller module 19 1s performed periodi-
cally at predetermined time intervals. Since game processing
1s generally executed 1 a cycle of 6o sec., the wireless
transmission 1s required to be performed 1n a shorter cycle
time. Specifically, the unit of game processing 1s 16.7 ms (Veo
sec.), and the transmission interval of the communication
section 75 configured using the Bluetooth (registered trade-
mark) technology 1s 5 ms. At the time of performing trans-
mission to the wireless controller module 19, the microcom-
puter 751 outputs to the wireless module 753 the transmission
data stored 1n the memory 752, as a series of operation infor-
mation. With the use of, for example, the Bluetooth (regis-
tered trademark) technology, the wireless module 753 modu-
lates the operation information using a carrier wave of a
predetermined frequency, and radiates an electric wave signal
of the operation information from the antenna 7354. That 1s,
the data from the controller 7 including the key data from the
operation section 72, the acceleration data from the accelera-
tion sensor 701, and the process result data from the 1maging
information calculation section 74 1s modulated 1nto an elec-
tric wave signal by the wireless module 753, and 1s transmut-
ted from the controller 7. The wireless controller module 19
ol the game apparatus 3 receives the electric wave signal, and
the game apparatus 3 demodulates and decodes the electric
wave signal, and thereby obtains the series of operation infor-
mation (the key data, the acceleration data, and the process
result data). Based on the obtained operation information and
the game program, the CPU 10 of the game apparatus 3
performs game processing. Note that when configured using
the Bluetooth (registered trademark) technology, the commu-
nication section 75 can also have a function of recerving
transmission data wirelessly transmitted from other devices.

Next, an overview of a game assumed in the present
embodiment will be described with reference to FIGS. 8
through 22. The game assumed 1n the present embodiment 1s
a platform game that enables single-player to up to four-
player simultaneous games. FIG. 8 1s an example of the
screen of the game assumed 1n the present embodiment.
Referring to FI1G. 8, four player objects 101a,1015,101¢, and
1014 (hereinafter also collectively referred to simply as
“player objects 1017") are displayed on one screen. This
screen represents the screen where a four-player simulta-
neous game 1s being played. In addition, several platforms for
the player objects 101, which are formed of sets of a plurality
of blocks 102, are also displayed. Each player can cause the
corresponding player object 101 to jump onto these plat-
forms, by performing a jump operation using his/her control-
ler 7. This screen 1s a screen that captures a virtual game space
(which may be a two-dimensional space or a three-dimen-
sional space, and 1s a three-dimensional space 1n the present
embodiment). The virtual game space 1s a zone of a certain
s1Ze so that, among this zone, an area including the positions
of the player objects 101 1s displayed on the TV 2 as a display
area (an area captured by a virtual camera) as shown 1n FIG.
9.This game 15 a game where a starting point and a goal point
are provided 1n the virtual game space so that the player
objects 101 are advanced from the starting point to the goal
point. In the virtual game space, basically, the player objects
101 are advanced along a route (course) formed by appropri-
ately arranging the blocks 102 and terrain objects so as to
connect the starting point to the goal point.
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Here, 1n the descriptions given of the present embodiment
a “unmit” may be used, for ease of description, as a unit to
represent a distance 1n the virtual game space and a distance
on the screen. In the present embodiment it 1s assumed that
the size of 1 unit 1s the size of one block 102 shown 1n FIG. 8
in the virtual game space. In the present embodiment a zoom
process 1s appropriately performed on the screen as described
below, such that one screen 1s 19 verticalx25.5 horizontal
units in size at 1.0-fold magnification (one screen 1s 28 ver-
ticalx51 horizontal units 1n size at 0.5-fold magnification; one
screen 1s 7 verticalx12.75 horizontal units 1n size at 2.0-fold
magnification). Note that the descriptions will be given below
on the assumption that the horizontal direction of the screen s
an X-axis direction and the vertical direction of the screen 1s
a Y-axis direction.

To describe an operation performed 1n the present embodi-
ment, a player performs the operation holding the controller 7
in a horizontal manner, with the cross key 72a positioned on
the left. FIG. 10 shows the correspondence between the state
of the controller 7 and the game screen. In the present embodi-
ment 1t 1s possible to cause the player object 101 to move in
the up/down and left/right directions using the cross key 72a
and to cause the player object 101 to jump using the button
72c. It 1s also possible to cause the player object 101 to dash
by, with the button 726 pressed down, causing the player
object 101 to move. It 1s also possible to cause the player
object 101 to jump while spinning, which 1s called a *“spin
mump’’, by performing an operation of swinging the controller
7. Note that if the controller 7 1s swung when the player object
101 1s close to another player object 101, 1t 1s possible to
perform an “uplift” operation described below.

To describe the “uplift” operation, a multiplayer game,
¢.g., a two-player simultaneous game, 1s assumed. The player
object operated by one (heremaiter referred to as a “1P
player”) ol the players will be referred to as a*“1P object”, and
the player object operated by the other player (heremafter
referred to as a “2P player”) will be referred to as a “2P
object”. The 1P player performs an operation of swinging
his/her controller 7 with the button 7256 pressed down 1n the
state where, as shown 1 FIG. 11, a 1P object 1014 1s close to
a 2P object 1015. As a result, as shown 1n FIG. 12, the 1P
object 101a can lift up the 2P object 1015. This upliit state
continues while the 1P player 1s pressing down the button
72b. Then, when the 1P player releases the button 725 1n the
state where the 1P object 1014 1s lifting up the 2P object 1015,
the 1P object 101a becomes able to, as shown 1n FIG. 13,
throw the 2P object 1015. As to the operation for the 2P object
10156 that1s bemg lifted up, when the 2P player swings his/her
controller 7, 1t 1s possible to release the upliit state.

Also 1n this game, by obtaining a predetermined item, a
player object 101 can be transformed into a character having,
a predetermined ““ability” set in advance. For example, by
obtaining an item “fire flower”, a player object 101 can be
transformed 1nto a character (hereinafter referred to as a “fire
character”) having the ability to “throw a firecbomb”. By
obtaining an item “propeller”, a player object 101 can be
transformed into a character (hereinatter referred to as a “pro-
peller character”) having the ability to “float 1n the air for a
given time”. For example, 1t 1s assumed that 1n the state of
FIG. 11 the 2P object 1015 has been transformed into a
“propeller character”. In thus case, when the 1P player swings
his/her controller 7 with the above operation in the state
where the 1P object 101q 1s lifting up the 2P object 1015, the
1P object 101a becomes able to use the “ability” of the 2P
object 1015. That 1s, as shown 1n FIG. 14, the 1P object 1014,
which 1s not a “propeller character”, becomes able to float in
the air for a given time, using the ability of the 2P object 1015
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to float. Similarly, 1n the case where the 2P object 1015 has
been transformed into a “fire character”, when the 1P player
swings his/her controller 7 1n the state where the 1P object
101a 1s lifting up the 2P object 1015, the 1P player becomes
able to cause the 2P object 1015 that 1s being lifted up by the
1P object 101a to, as shown 1n FIG. 135, project a fire bomb.
Note that the types of characters into which a player object
101 can be transformed may include a type of character that
does not have such an “ability” as described above. In this
case, when the 1P player swings his/her controller 7 1n the
state where the 1P object 1014 1s lifting up the 2P object 1015,
the “spin jump” described above 1s performed while the 1P
object 101a remains lifting up the 2P object 1015. As to the
operation for the 2P object 1015 that 1s being lifted up, when
the 2P player performs a predetermined operation on his/her
controller 7, the 2P object 1015 can use the “abilities”
described above, such as throwing a *“fire bomb”™.

The present invention relates to a scroll control and a zoom
control on the screen that result from the movements of the
player objects 101, and also relates to the uplift operation
described above.

Specifically, a scroll control process on the screen accord-
ing to the present embodiment 1s broadly divided into the
tollowing four types:

(1) Horizontal scroll control for a single-player game
(hereinafter referred to as “single-player horizontal scroll”)

(2) Vertical scroll control for a single-player game (here-
inafter referred to as “single-player vertical scroll”)

(3) Horizontal scroll control for a multiplayer game (here-
inafter referred to as “multiplayer horizontal scroll”)

(4) Vertical scroll control for a multiplayer game (herein-

alter referred to as “multiplayer vertical scroll”)
An overview of each type of scroll control process will be
described below. Note that each type of scroll control will be
described on the assumption that the zoom magnification of
the screen 1s 1.0-fold. In addition, 1n the following descrip-
tions, various processes are performed based on the positions
of the player objects 101, and therefore it 1s assumed 1n the
present embodiment that “base points™ are set for the feet of
the player objects 101 so that the various processes are per-
formed based on the “base points”, 1.e., using the “base
points” as the positions of the player objects 101. Thus,
although “the positions of the player objects 101 may simply
be described below, this also refers to the positions of the
“base points™.

[ Single-player Horizontal Scroll]

First, a hornizontal scroll control process (hereinafter
referred to as a “single-player horizontal scroll process™)
performed when only one player plays a game (heremafter
referred to as a “single-player game”) will be described. In a
single-player game, as shown in FIG. 16, only one player
object 101 1s displayed on the screen. In this case, a scroll
control 1s performed on the screen so that the player object
101 1s constantly displayed at the position that 1s the center of
the screen with respect to the X-axis direction of the screen
coordinate system 1n principle. That 1s, when the player
causes the player object 101 to move 1n the right direction 1n
the state shown 1n FI1G. 16, the screen also scrolls right (scroll-
ing in the right direction of the screen). When the player
causes the player object 101 to move 1n the left direction, the
screen also scrolls left (scrolling in the left direction of the
screen).

[ Single-player Vertical Scroll]

Next, a vertical scroll control process (hereinafter referred
to as a “single-player vertical scroll process™) performed 1n a
single-player game will be described. FIG. 17 1s a diagram
illustrating an overview of the single-player vertical scroll
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process. In the case of the single-player vertical scroll, when
the display position (1.e., the position 1n the screen coordinate
system) of (the feet of) a player object 101 on the screen 1s to
be within 5 units from the upper end of the screen as a result
of a player’s operation, the screen scrolls up (scrolling 1n the
up direction of the screen). Referring to FIG. 17, the scrolling
up 1s performed when the player object 101 1s to be displayed
at a higher position than a scrolling-up starting line 111, as a
result of causing the player object 101 to move by retlecting,
a player’s operation. On the other hand, when the display
position of the player object 101 1s to be within 4.5 units from
the lower end of the screen, the screen scrolls down (scrolling,
in the down direction of the screen). Referring to FIG. 17, the
scrolling down 1s performed when the player object 101 1s to
move to a lower position than a scrolling-down starting line
112. In other words, a control 1s performed so that when
displayed on the screen, the player object 101 1s constantly
displayed between the scrolling-up starting line 111 and the
scrolling-down starting line 112 1n principle.

Note that the reason that it 1s set so that the area for the
determination of scrolling up has a larger number of units
(1.e., scrolling up 1s started earlier) than the area for the
determination of scrolling down 1s that the concept of a “pri-
ority direction” of scrolling 1s applied. This game 1s such a
so-called platform game as described above, where the con-
cept of the gravity 1s applied in the virtual space. Theretfore, 1n
a scene where vertical scroll 1s mainly performed, in order to
enhance the visibility of the direction (1.e., the direction of the
antigravity; typically the up direction) in which to jump, the
direction of the antigravity 1s set as the “priority direction” so
that scrolling up 1s started earlier. As to horizontal scroll, this
game 1s, as described above, a game where the player objects
advance toward the goal point. In response, in each scene
(area) of the game, the direction 1n which to approach the goal
point 1s set as the priority direction so that the screen starts to
scroll earlier in the priority direction, whereby the visibility of
the direction 1n which to advance 1s enhanced. Note that
priority directions are set individually 1n the up/down direc-
tion and the left/right direction (heremaftter referred to as a
“vertical prionty direction™ and a “horizontal priority direc-
tion”, respectively). As to vertical scroll (1n the vertical pri-
ority direction), the antigravity direction may be set as the
vertical priority direction, or the direction in which to
approach the goal point may be set as the vertical priority
direction, appropriately, in accordance with the scene of the
game.

[Multiplayer Horizontal Scroll]

Next, a horizontal scroll control process (hereinafter
referred to as a “multiplayer horizontal scroll process™) per-
formed when two to four players play a simultaneous game
(heremaftter referred to as a “multiplayer game™) will be
described. In a multiplayer game, a plurality of player objects
101 are displayed on the screen. In the multiplayer horizontal
scroll process, a scroll control 1s basically performed so that,
among the player objects 101 displayed on the screen, the
midpoint, with respect to the X-axis direction, between the
player object (hereinafter referred to as a “rightmost object™)
displayed at the rightmost position and the player object
(heremaftter referred to as a “leftmost object”) displayed at the
leftmost position 1s the center of the screen with respect to the
X-axis direction. When such a screen 1s considered where the
position of the midpoint between the rightmost object and the
leftmost object 1s the center of the screen, the following
control 1s also performed depending on the relation between
the horizontal priority direction and the positions of the
player objects displayed at the farthest ends. First, when the
horizontal priority direction is the right direction, if, as a
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result of calculating the screen described above, the position
of the rightmost object 1s, as shown in FIG. 18, to be within 7
units from the right end of the screen (1.e., the right end of the
display area), a scroll control 1s performed so that, as shown
in FIG. 19, the rightmost object 1s displayed at a position 7
units from the right end of the screen. When the horizontal
priority direction 1s the left direction, 11 the leftmost object 1s
to be displayed within 7 units from the leit end of the screen
(1.e., the left end of the display area) with respect to the X-axis
direction, a scroll control 1s performed so that the leftmost
object 1s displayed at a position 7 units from the left end of the
screen.

[ Multiplayer Vertical Scroll]

Next, a vertical scroll control process (heremaftter referred
to as a “multiplayer vertical scroll process™) performed 1n a
multiplayer game will be described. FIGS. 20 through 24 are
diagrams 1llustrating the concept of the multiplayer vertical
scroll process. In the multiplayer vertical scroll process, a
scroll control 1s basically performed as follows. First, among
a plurality of player objects 101 present 1n the virtual game
space, the midpoint (heremnafter referred to as a “reference
point”), with respect to the Y-axis direction, between the
player object (heremnafter referred to as an “‘uppermost
object”) displayed at the uppermost position and the player
object (hereinafter referred to as a “lowermost object™) dis-
played at the lowermost position, on the game screen, 1s
assumed 1n the coordinate system of the virtual game space
(the position of the reference point 1s calculated based also on
the “base points” provided at the feet of the player objects
101). Then a scrolling-up or scrolling-down control 1s per-
formed based on which position in the screen coordinate
system corresponds to the reference point. Specifically, con-
sider the case where the players perform operations of caus-
ing the uppermost object and the lowermost object to jump to
the upper right, respectively, in the state shown i FIG. 20
(where the position of the reference point 1s approximately at
the center of the screen). In this case, when the position of the
reference point 1s, as shown in FI1G. 21, to be within 6.25 units
from the upper end of the screen (1.e., the upper end of the
display area) with respect to the Y-axis direction (at a higher
position than a scrolling-up starting line 121 1n FIG. 21) as a
result of causing the player objects 101 to move by reflecting
players’ operations, a scrolling-up control 1s performed so
that, as shown 1n FIG. 22, the screen 1s displayed so that the
position of the reference point 1s a position 6.235 units from the
upper end of the screen. On the other hand, when the position
ol the reference point 1s to be within 3.75 units from the lower
end of the screen (1.e., the lower end of the display area) with
respect to the Y-axis direction (at a lower position than a
scrolling-down starting line 122 1n FI1G. 21), a scrolling-down
control 1s performed so that the position of the reference point
1s a position 3.75 units from the lower end of the screen.
Although described 1n detail below, the values such as “6.25
units from the upper end of the screen™ and “3.75 units from
the lower end of the screen” are appropnately changed in
accordance with the zoom magnification.

In the case of assuming the screen described above, when,
as shown 1n FIG. 23, the feet (1.e., the “base point”) of the
uppermost object are to be displayed within 4 units from the
upper end of the screen (at a higher position than a dotted line
131 1n FIG. 23), a scroll control 1s performed so that, as shown
in FIG. 24, the feet of the uppermost object are placed at a
position 4 units from the upper end of the screen. When the
teet of the lowermost object are to be displayed within 2 units
from the lower end of the screen (at a lower position than a
dotted line 132 in FIG. 23), a scroll control 1s performed so
that the feet of the lowermost object are placed at a position 2
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units from the lower end of the screen. When the feet of the
uppermost object are to be displayed within 4 units from the
upper end of the screen and also the feet of the lowermost
object are to be displayed within 2 units from the lower end of
the screen, the process for the direction set as the vertical
priority direction 1s prioritized.

Thus, 1n the present embodiment, different scroll controls
are performed between a single-player game and a multi-
player game. In addition, different controls are performed
between vertical scroll and horizontal scroll.

In the present embodiment, in order to make the game
screen more easily viewable to the players (1n a multiplayer
game, 1n particular), the following zoom control 1s also per-
formed on the screen. First, in the present embodiment, 1n a
single-player game, display 1s basically performed at a fixed
magnification of 1.0-fold (although a magnification set in
advance may be appropriately used 1n a predetermined scene
in accordance with the progression of the game). On the other
hand, 1n a multiplayer game, the zoom magnification 1s deter-
mined based on the distances between the player objects 101.
That 1s, when the distances between the player objects 101 are
small, zooming in 1s performed (see FIG. 25). When the
distances between the player objects 101 are great, zooming
out 1s performed (see FIG. 26). Specifically, a zoom control 1s
performed with the following process.

First, a distance Dist_X between the farthest-end player
objects with respect to the horizontal direction in the virtual
space 1s calculated. That 1s, the distance between the right-
most object and the leftmost object 1s calculated. Then a
distance Dist_Y between the farthest-end player objects with
respect to the vertical direction 1n the virtual space 1s calcu-
lated. That 1s, the distance between the uppermost object and
the lowermost object 1s calculated. Then, the greater value of
the distances Dist_X and Dist_Y 1s selected to be a distance
Dist XY. When the value of the distance Dist_XX has
exceeded a first threshold (hereinatter referred to as a “zoom-
out threshold”) set in advance (1.e., when the farthest-end
player objects have become separated by some distance from
cach other), a process 1s performed of slowly zooming out
until a first zoom magnification (hereimafter referred to as a
“zoom-out target zoom magnification”) set 1n association
with the zoom-out threshold 1s reached. When the value of the
distance Dist XY has fallen below the zoom-out threshold
during the zooming out, the process ol zooming out 1s can-
celed 1n the middle thereof.

On the other hand, when the value of the distance Dist XY
has fallen below a second threshold (hereinafter referred to as
a “zoom-1n threshold”) set 1n advance (1.e., when the farthest-
end player objects have come close to each other to some
degree), a process 1s performed of slowly zooming in until a
second zoom magnification (hereinafter referred to as a
“zoom-1n target zoom magnification’) set 1n association with
the zoom-in threshold i1s reached. When the value of the
distance Dist_XY has exceeded the zoom-1n threshold during
the zooming in, the process of zooming in 1s canceled in the
middle thereof. Thus, in the present embodiment, a process 1s
performed of gradually zooming 1n or gradually zooming out
in accordance with whether or not the distance between the
farthest-end player objects has fallen below or exceeded the
corresponding predetermined threshold.

In the present embodiment, in order to smoothly switch a
single-player game screen control and a multiplayer game
screen control when the number of player objects 101 1n a
game has changed, the following process 1s performed. For
example, 1t 1s assumed that when a two-player simultaneous
game has been played and the game 1s over for one of the
players, the two-player simultaneous game switches to a
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single-player game. In this case, 1t 1s assumed that, for
example, the screen has been displayed at a zoom magnifica-
tion of 0.25-fold when the two-player game has been played
(when the game has been over). Then an attempt 1s made to
display the screen at a zoom magnification of 1.0-fold since
the two-player game switches to the single-player game. At
this time, 1n order to prevent the screen display from abruptly
switching from the display at 0.25-fold magnification to the
display at 1.0-fold magnification as soon as the single-player
game starts, in the present embodiment a process 1s per-
formed of changing the zoom magnification by 12.5% each
time from 0.25-1old to 1.0-1old (see the graph of F1G. 27). The
same 1s also true of scroll controls on the screen. For example,
in order to prevent a player object 101, displayed on the right
of the screen 1 a two-player game, from being suddenly
displayed in the center portion of the screen as soon as a
single-player game starts, a scroll control 1s performed so that
the player object 101 1s gradually placed in the center portion
of the screen. That 1s, a process 1s performed of gradually
changing the control parameters for the screen in the two-
player game to the control parameters for the screen 1n the
single-player game.

Thus, 1n the present embodiment, a scroll control and a
zoom control are performed on the screen based on the posi-
tions and the like of the player objects that are displayed at the
farthest ends 1n a multiplayer game. This makes 1t possible to
perform screen display that 1s more easily viewable to the
players.

Next, details of the game processing performed by the
game apparatus 3 will be described. First, the data to be stored
in the external main memory 12 1n the game processing will
be described. FI1G. 28 1s a diagram showing a memory map of
the external main memory 12 of the game apparatus 3. Refer-
ring to FIG. 28, the external main memory 12 includes a
program storage area 201 and a data storage area 209. The
data of the program storage area 201 and a part of the data of
the data storage area 209 are stored in the optical disk 4, and
are transmitted to and stored 1n the external main memory 12
when the game program 1s executed.

The program storage area 201 stores therein the game
program to be executed by the CPU 10. The game program
includes a main process program 202, a single-player hori-
zontal scroll control program 203, a single-player vertical
scroll control program 204, a multiplayer horizontal scroll
control program 205, a multiplayer vertical scroll control
program 206, a zoom control program 207, an at-time-oi-
changing-number-of-players control program 208, and the
like.

The main process program 202 is a program that corre-
sponds to the process of the tflow chart of FIG. 29 described
below. The single-player horizontal scroll control program
203, the single-player vertical scroll control program 204, the
multiplayer horizontal scroll control program 203, and the
multiplayer vertical scroll control program 206 are programs
for causing the CPU 10 to perform the respective scroll con-
trol processes on the screen. The zoom control program 207 1s
a program for causing the CPU 10 to perform a zoom control
process. The at-time-of-changing-number-of-players control
program 208 1s a program for causing the CPU 10 to perform
the above-described process of switching the single-player
game screen control and the multiplayer game screen control.

The data storage area 209 has stored therein data such as
image data 210, course data 211, operation data 215, the
number of displayed player objects 219, a number-of-player-
objects change flag 220, a zoom flag 221, zoom-out threshold
data 222, zoom-in threshold data 223, zoom-out target zoom
magnification data 224, zoom-1in target zoom magnification
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data 225, a target zoom magnification 226, a scrolling-up
starting threshold 227, a scrolling-down starting threshold
228, horizontal scroll parameters 229, vertical scroll param-
cters 230, zoom parameters 231, at-time-of-change final
parameters 232, and complementary parameters 233. d

The image data 210 1s data of various objects and the like
that are displayed as a game 1mage.

The course data 211 1s data about the virtual game space.
Since each course 1s formed of a plurality of areas, the course
data 211 includes a plurality of pieces of area information 212
about all the areas. Fach piece of area information 212
includes vertical priority direction data 213 and horizontal
priority direction data 214 that represent the priority direc-
tions 1n the corresponding area. Each piece of area informa-
tion 212 also includes data of, for example, information rep-
resenting the start position and the end position of the
corresponding area and the arrangement of terrain objects and

the like.

The operation data 213 1s operation data transmitted from 2¢
the controller 7 to the game apparatus 3. As described above,
since operation data 1s transmitted from the controller 7 to the
game apparatus 3 every 200 sec., the operation data 2135
stored 1n the external main memory 12 1s updated as often. In
the present embodiment it 1s only necessary for the external 25
main memory 12 to have stored therein only the most recent
(the last obtained) operation data.

The operation data 215 includes acceleration data 216,
marker coordinate data 217, and operation button data 218.
The acceleration data 216 1s data representing the accelera- 30
tions (the acceleration vector) detected by the acceleration
sensor 701. Here, the acceleration data 216 represents a three-
dimensional acceleration vector whose components are
accelerations 1n the three-axis (X-axis, Y-axis, and Z-axis)
directions shown 1n FIG. 3. In the present embodiment the 35
magnitude of the acceleration vector detected by the accel-
eration sensor 701 1n the state where the controller 7 remains
at rest 1s “1”. That 1s, the magnitude of the gravitational
acceleration detected by the acceleration sensor 701 15 “17.

The marker coordinate data 217 1s data representing the 40
coordinates calculated by the image processing circuit 744 of
the 1imaging information calculation section 74, that 1s, data
representing marker coordinates. The marker coordinates are
represented by a two-dimensional coordinate system for rep-
resenting the position, on a plane, corresponding to a captured 45
image. Note that when the two markers 8R and 8L are cap-
tured by the 1image pickup device 743, two sets of the marker
coordinates are calculated. On the other hand, when either
one of the markers 8R and 8L 1s placed outside the range that
can be captured by the image pickup device 743, only the 50
other one 1s captured by the image pickup device 743 and only
the one set of the marker coordinates 1s calculated. Alterna-
tively, when both markers 8R and 8L are placed outside the
range that can be captured by the 1image pickup device 743,
neither markers are captured by the image pickup device 743 55
and none of the marker coordinates 1s calculated. Therefore
the marker coordinate data 217 may represent two sets of the
marker coordinates, may represent one set of the marker
coordinates, or may represent that none of the marker coor-
dinates 1s present. 60

The operation button data 218 1s data representing the input
states of the operation buttons 72a, 72b, 7T2¢, 72d, T2e, 72/,
722, T2h, and 72i.

The number of displayed player objects 219 1s data repre-
senting the number of the player objects displayed on the 65
screen, and also 1s the number of the players that are partici-
pating 1n the gameplay.

10

15

26

The number-of-player-objects change flag 220 is a flag for
representing whether or not the number of the player objects
displayed on the screen has changed during the gameplay.
The zoom flag 221 1s a flag for representing whether or not a
zoom process 1s being performed. The zoom flag 221 1s set to
“OFF” when a zoom process 1s not being performed. Note
that while a zoom process 1s being performed, the value
representing the type of the zoom, 1.e., “Z00M IN” or
“ZO0OM OUT?”, 1s set 1n the zoom tlag 221.

The zoom-out threshold data 222 1s data representing the
threshold for determining whether or not to zoom out. When
the distance between the player objects placed at farthest ends
exceeds the threshold, zooming out 1s performed. The zoom-
in threshold data 223 1s data representing the threshold for
determining whether or not to zoom in. When the distance
between the player objects placed at farthest ends falls below
the threshold, zooming in 1s performed.

The zoom-out target zoom magnification data 224 1s the
zoom magnification that 1s targeted for the zooming out per-
formed when the distance has exceeded the zoom-out thresh-
old. In the present embodiment the targeted zoom magnifica-
tion 1s 0.5-fold. The zoom-1n zoom magnification data 2235 1s
the zoom magnification that 1s targeted for the zooming in
performed when the distance has fallen below the zoom-in
threshold. In the present embodiment the targeted zoom mag-
nification 1s 2.0-fold.

The target zoom magnification 226 1s data representing a
zoom magnification to be targeted. In the present embodi-
ment either one of the values of the zoom-out target zoom
magnification data 224 and the zoom-1n zoom magnification
data 225 1s set.

The scrolling-up starting threshold 227 1s information cor-
responding to “6.25 units from the upper end of the screen”
shown in FI1G. 21 that 1s used 1n the multiplayer vertical scroll
process. The scrolling-down starting threshold 228 1s infor-
mation corresponding to “3.75 units from the lower end of the
screen” shown 1n FIG. 21.

The horizontal scroll parameters 229 are various param-
eters that are necessary for a horizontal scroll control on the
screen. For example, the various parameters are parameters
representing the direction of scrolling, the amount of scroll-
ing, the speed of scrolling, and the like. The vertical scroll
parameters 230 are various parameters that are necessary for
a vertical scroll control on the screen.

The zoom parameters 231 are information representing the
zoom magnification of a game 1mage to be drawn 1n the
current loop of the process. The at-time-of-change final
parameters 232 have stored therein the final scroll parameters
and zoom parameters when the number of the displayed
player objects has changed. The complementary parameters
233 are data used for a process performed when the number of
the displayed player objects has changed.

The game processing performed by the game apparatus 3
will be described with reference to FIGS. 29 through 42.
When the power to the game apparatus 3 1s turned on, the
CPU 10 of the game apparatus 3 performs the starting pro-
gram stored 1n the ROM/RTC 13, whereby each unit such as
the external main memory 12 1s imtialized. The external main
memory 12 reads the game program stored 1n the optical disk
4, and the CPU 10 starts executing the game program. The
flow chart of FIG. 29 i1s a flow chart showing the game pro-
cessing performed after the process described above 1s com-
pleted.

The CPU 10 performs an imitialization process of the data
to be used 1n the following process (step S1). Specifically, the
CPU 10 detects the number of the players to participate in the
gameplay, and sets the detected number 1n the number of
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displayed player objects 219. The CPU 10 reads the course
data 211, constructs a three-dimensional game space, and
approprately arranges player objects 101 that correspond to
the number of the participants, blocks 102, various terrain
objects, enemy objects, and the like. The CPU 10 sets the
zoom parameters 231 to “1.0-fold”, and sets the number-oi-

player-objects change flag 220 and the zoom flag 221 to
“OFF”. In addition, the CPU 10 1mitializes various data that 1s
necessary for starting the game, such as the scrolling-up start-
ing threshold 227 and the scrolling-down starting threshold
228. The CPU 10 generates a game 1image representing the
game space constructed as above, and displays the generated
game 1mage on the TV 2. The loop of the process of steps S2
through S12 1s performed 1n each frame 1n a repeated manner,

whereby the game progresses.
After the imtialization process 1s completed, the CPU 10
acquires data transmitted from a controller 7, and stores the

acquired data in the external main memory 12 as the operation
data 215 (step S2).

The CPU 10 performs the game processing based on the
operation data 215 (step S3). That 1s, based on the operation
data 215, the CPU 10 causes the player objects 101 to act. In
the game processing a process of the uplift operation 1s also
performed. FIGS. 30 and 31 are a flow chart showing details
of an uplift process that is appropriately called and performed
by the CPU 10 as part of the game processing in step S3. Note
that the process of the flow chart of FIGS. 30 and 31 1s
performed on each player object 101. Referring to FIG. 30,
the CPU 10 determines whether or not an uplift flag (not
shown, but appropriately stored 1n the external main memory
12 and prepared for each player object) for representing
whether or not the player object 101 1s lifting up another
player object 101 1s set to “ON” (step S161). When 1t 1s
determined that the uplift flag 1s not setto “ON"" (*NO” 1n step
S161), the CPU 10 determines, with reference to the opera-
tion data 215, whether or not the controller 7 has been swung,
with the button 725 pressed down (step S162). The determi-
nation of whether or not the controller 7 has been swung 1s
made based on, for example, whether or not the acceleration
represented by the acceleration data 216 1s greater than a
predetermined value. The number of the axes of the accelera-
tions used for the determination may be two or three. Alter-
natively, the determination may be made with weights
assigned to the axes. For example, the acceleration 1n the
X-axis direction may be assigned a greater weight.

When 1t 1s determined that the controller 7 has not been
swung with the button 726 pressed down (“NO” 1n step
S5162), the uplift process ends. When 1t 1s determined that the
controller 7 has been swung with the button 7256 pressed down
(“YES” 1n step S162), the CPU 10 determines whether or not,
in the virtual space, within a predetermined distance from the
player object 101 subjected to the operation of swinging the
controller 7 with the button 726 pressed down, at least one
other player object 101 1s present (step S163). When 1t 1s
determined that no player object 101 is present within the
predetermined distance (“NO” 1n step S163), the CPU 10
performs a process of the “spin jump” (step S166), and ends
the uplift process. On the other hand, when 1t 1s determined
that more than one other player object 101 1s present within
the predetermined distance (“YES” 1 step S163), the CPU 10
performs a process of causing the player object 101, subjected
to the above swing operation, to lift up another player object
101 that 1s present at the closest position (step S164). The
CPU 10 sets the uplift tlag, which corresponds to the player
object 101 subjected to the above swing operation, to “ON”
(step S163), and ends the uplift process.
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On the other hand, when 1t 1s determined that the uplift tlag
1s set to “ON” (“YES™ 1n step S161), 1t 1s considered that the
player object 101 1s already lifting up another player object
101. At this time, the CPU 10 determines whether or not the
button 725 has been released (from the state of being pressed
down) (step S167). When 1t 1s determined that the button 725
has beenreleased (“YES” in step S167), the CPU 10 performs
a process ol causing the player object 101, subjected to the
above release operation, to throw said another player object
101 that 1s being lifted up (step S168). The CPU 10 sets the
upliit tlag to “OFF” (step S169), and ends the upliit process.

When 1t 1s determined that the button 725 has not been
released (1.e., 1s being pressed down) (“NO” in step S167), the
CPU 10 determines, as described above, based on the accel-
eration data 216, whether or not the controller 7 has been
swung (step S170). When 1t 1s determined that the controller
7 has not been swung (“NO” 1n step S170), the CPU 10 ends
the uplift process. On the other hand, when 1t 1s determined
that the controller 7 has been swung (“YES” 1n step S170), the
CPU 10 determines whether or not said another player object
101 that 1s being lifted up has any “ability” (i.e., has been
transiformed into a character having an “ability™) (step S171).
When 1t 1s determined that said another player object 101 does
not have any “ability” (“NO” 1 step S171), the CPU 10
performs the process of the “spin jump’ on the player object
101 with said another player object 101 lifted up (step S173).
On the other hand, when 1t 1s determined that said another
player object 101 has an “ability” (“YES” 1n step S171), the
CPU 10 performs a process of causing said another player
object 101 that 1s being lifted up to exercise the ability of said
another player object 101 (step S172). For example, when
said another player object 101 that 1s being lifted up has been
transiformed 1nto a “fire character”, the CPU 10 performs a
process of causing said another player object 101 that 1s being
lifted up to project a fire bomb. When said another player
object 101 that 1s being lifted up has been transformed 1nto a
“propeller character”, the CPU 10 performs a process of
causing the player object 101, subjected to the above swing
operation, to jump without landing and remain tloating in the
air. Thus the upliit process ends.

Reterring back to FI1G. 29, the CPU 10 determines whether
or not the number-of-player-objects change flag 220 1s set to
“ON” (step S4). When 1t 1s determined that the number-oi-
player-objects change flag 220 1s set to “ON” (“YES” 1n step
S4), the process proceeds to step S7 described below.

On the other hand, when it 1s determined that the number-
of-player-objects change flag 220 1s set to “OFF” (“NO” 1n
step S4), the CPU 10 determines whether or not the number of
the displayed player objects 101 has changed (step S5). It 1s
determined, for example, whether or not, during a two-player
simultaneous game, the game 1s over for one of the players.
When it 1s determined that the number of the displayed player
objects 101 has changed (“YES” 1n step 35), the CPU 10
appropriately updates the number of displayed player objects
219, proceeds to step S6 described below, and performs a
process of switching screen controls when the number of the
displayed player objects 101 has changed.

On the other hand, when 1t 1s determined that the number of
the displayed player objects 101 has not changed (“NO” in
step S5), the CPU 10 determines whether or not the number of
displayed player objects 219 1s “17, 1.e., whether a single-
player game 1s being played or a multiplayer game 1s being
played (step S8). When it 1s determined that the number of
displayed player objects 219 1s “1” (“YES” 1n step S8), the
CPU 10 proceeds to step S9 described below and performs a
screen control process for a single-player game. On the other
hand, when 1t 1s determined that the number of displayed
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player objects 219 1s not “1” (“NO” 1n step S8), the CPU 10
proceeds to step S10 described below and performs a screen
control process for a multiplayer game.

The CPU 10 performs a process of drawing a screen based
on step S7, 89, or S10 (step S11). After step S11, the CPU 10
determines whether or not predetermined game ending con-
ditions have been fulfilled (step S12). When it 1s “YES”, the
CPU 10 ends the game processing. When 1t 1s “NO”, the CPU
10 returns to step S2 and repeats the game processing.

A single-player screen control process of step S9 will be
described. In this process, various screen control processes 1n
a single-player game are performed. FIG. 32 1s a flow chart
showing details of the single-player screen control process of
step S9. Referring to FIG. 32, the CPU 10 sets a predeter-
mined zoom magnification in the zoom parameters 231 (step
S21). In the present embodiment, basically, 1.0-fold 1s set 1n
a single-player game. However, a zoom magnification set 1n
advance may be approprately set 1n accordance with the
progression of the game even 1n a single-player game. For
example, when the player object 101 enters a predetermined
place on a course, zooming 1n may be forcibly performed.

The CPU 10 performs the single-player horizontal scroll
process (step S22). FI1G. 33 1s a tlow chart showing details of
the single-player horizontal scroll process of step S22. Refer-
ring to FIG. 33, the CPU 10 determines, with the result of the
game processing (or with reference to the operation data 215)
described above, whether or not the player object 101 has
moved 1n the nght direction (step S31). When 1t 1s determined
that the player object 101 has moved in the nght direction, the
CPU 10 calculates parameters for a scrolling-right control on
the screen, and sets the calculated parameters in the horizon-
tal scroll parameters 229 (step S32). That 1s, the CPU 10
determines, 1n the virtual game space, the position of the
display area (see FIG. 9) so that the position to which the
player object 101 will have moved is the center of the screen
with respect to the X-axis direction. The CPU 10 determines
parameters, such as the direction of scrolling and the amount
of scrolling, so that the display area1s displayed on the screen.

The CPU 10 controls the virtual camera based on the hori-
zontal scroll parameters 229 (step S35). The reason 1s that the
virtual game space 1s constructed as a three-dimensional
space 1n the present embodiment. When the virtual game
space 1s constructed as a two-dimensional space, known two-
dimensional 1mage processing may be used.

On the other hand, when 1t 1s determined that the player
object 101 has not moved 1n the right direction (“NO” 1n step
S31), the CPU 10 determines whether or not the player object
101 has moved 1n the left direction (step S33). When 1t 1s
determined that the player object 101 has moved 1n the left
direction (“YES” 1n step S33), the CPU 10 calculates param-
cters for a scrolling-left control on the screen, and sets the
calculated parameters in the horizontal scroll parameters 229
(step S34). The process proceeds to step S35 described above.
On the other hand, when 1t 1s determined that the player object
101 has not moved 1n the left direction either (“NO” 1n step
S33), the CPU 10 ends the single-player horizontal scroll
process since 1t 1s not necessary to perform any horizontal
scroll control.

Referring back to FIG. 32, after step S22, the CPU 10
performs the single-player vertical scroll process (step S23).
FIG. 34 15 a flow chart showing details of the single-player
horizontal scroll process of step S23. Referring to FIG. 34, the
CPU 10 determines whether or not, in the screen coordinate
system (1.e., 1n the display area determined in the process
performed in the most recent frame), the player object 101 1s
to be displayed at a higher position (a position within 5 units
from the upper end of the screen) than the scrolling-up start-
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ing line 111 shown 1n FIG. 17, as a result of causing the player
object 101 to move by reflecting the operation data 215 (step
S41). When 1t 1s determined that the player object 101 1s to be
displayed at a higher position than the scrolling-up starting
line 111 (*YES” 1n step S41), the CPU 10 calculates param-
eters for a scrolling-up control on the screen, and sets the
calculated parameters in the vertical scroll parameters 230
(step S42). The CPU 10 controls the virtual camera based on
the vertical scroll parameters 230 (step S45).

On the other hand, when 1t 1s determined that the player
object 101 1s not to be displayed at a higher position than the
scrolling-up starting line 111 (“NO” 1n step S41), the CPU 10

determines whether or not the player object 101 1s to be
displayed at a lower position (a position within 4.5 units from
the lower end of the screen) than the scrolling-down starting
line 112 shown 1n FIG. 17, as a result of causing the player
object 101 to move by reflecting the operation data 215 (step
S43). When 1t 1s determined that the player object 101 1s to be
displayed at a lower position than the scrolling-down starting
line 112 (*“YES” 1n step S43), the CPU 10 sets, 1n the vertical
scroll parameters 230, parameters for a scrolling-down con-
trol on the screen (step S49). The process proceeds to step S435
described above. On the other hand, when 1t 1s determined
that the player object 101 1s not to be displayed at a lower
position than the scrolling-down starting line 112 either
(“NO” 1n step S43), the CPU 10 ends the single-player verti-

cal scroll process since 1t 1s not necessary to perform any
vertical scroll control.

A multiplayer game screen control process of step S10 1n
FIG. 29 will be described. FIG. 35 1s a flow chart showing
details of the multiplayer game screen control process of step
S10. Referring to FIG. 35, the CPU 10 detects, among the

player objects 101 as a result of causing the player objects 101
to move by retlecting the operation data 215, the player
objects 101 to be placed at the farthest ends in the upper,
lower, left, and right directions, respectively (step S51). That
1s, the CPU 10 detects the rightmost object, the leftmost
object, the uppermost object, and the lowermost object.

The CPU 10 determines whether or not the zoom flag 221

1s set to “OFF” (step S52). This 1s for determining whether or

not zooming in, which in the present embodiment 1s slowly
performed over some amount of time when the zoom magni-
fication 1s changed from 1.0-fold to 2.0-fold, for example, 1s
being performed. That 1s, 1t 1s determined whether or not a
zoom process 1s being performed. When 1t 1s determined that
the zoom flag 221 1s set to “OFF” (“YES” 1n step S52), the
CPU 10 performs a target zoom magnification calculation
process (step S53). This process 1s a process of determiming a
zoom magnification to be targeted, based on the positional
relations between the rightmost object, the leftmost object,
and the like.

FIG. 36 1s a flow chart showing details of the target zoom
magnification calculation process of step S53. Referring to
FIG. 36, the CPU 10 determines whether or not a predeter-
mined time has elapsed since a target zoom magnification has
been set most recently (step S71). This 1s so that even when
the conditions for zooming 1n are fulfilled after zooming out
has been started, zooming in 1s not to be started for a given
time. When 1t 1s determined that the predetermined time has
not elapsed (“NO” 1n step S71), the CPU 10 ends the target
zoom magnification calculation process. On the other hand,
when 1t 1s determined that the predetermined time has elapsed
(“YES” 1n step S71), the CPU 10 calculates the distance
Dist_ X between the farthest-end player objects with respect
to the X-axis direction 1n the virtual game space (step S72).
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That 1s, the CPU 10 calculates the distance between the right-
most object and the leftmost object with respect to the X-axis
direction.

The CPU 10 calculates the distance Dist Y between the
tarthest-end player objects with respect to the Y-axis direction
(step S73). That 15, the CPU 10 calculates the distance
between the uppermost object and the lowermost object with
respect to the Y-axis direction. Note that these distances may
be calculated by being multiplied by predetermined factors.

The CPU 10 compares the distance Dist_X with the dis-
tance Dist_Y, and sets the greater value of these distances as
the distance Dist_ XY (step S74).

The CPU 10 determines whether or not the distance Dis-
t XY has exceeded the zoom-out threshold, which 1s a value
represented by the zoom-out threshold data 222 (step S75).
That 1s, the CPU 10 determines whether or not the distance
between the farthest-end player objects with respect to the
X-axis direction or the Y-axis direction has exceeded a pre-
determined distance. When 1t 1s determined that the distance
Dist XY has exceeded the zoom-out threshold (“YES” 1n
step S75), the CPU 10 reads from the external main memory
12 the zoom-out target zoom magnification data 224, which1s
the zoom magnification set 1n accordance with the zoom-out
threshold, and sets the read zoom-out target zoom magnifi-
cation data 224 as the target zoom magnification 226 (step
S81).

The CPU 10 sets the zoom parameters 231 (step S82). As
described above, the zoom parameters 231 are parameters
representing the zoom magnification of an image to be drawn
in the current loop of the process. The zoom parameters 231
are parameters for performing a zoom process (hereinafter
referred to as a “zoom process over time”) of reaching the
target zoom magmfication 226 over time, instead of display-
ing the game 1image having applied thereto the target zoom
magnification 226 as soon as 1t 1s determined that the distance
Dist_ XY has exceeded the zoom-out threshold. That 1s, the
zoom parameters 231 are parameters for, when the zoom
magnification at the time of the determination that the dis-
tance Dist XY has exceeded the zoom-out threshold 1s a start
magnification and the magnification represented by the target
zoom magnification 226 1s an end magnification, displaying
the game screen 1n such a manner that the start magnification
gradually approaches the end magnification. Accordingly, the
CPU 10 updates the zoom parameters 231 each frame until
the magnification reaches the end magnification. For
example, when the start magnification 1s 1.0-fold and the end
magnification 1s 2.0-fold, the CPU 10 updates the zoom
parameters 231 each frame so that the magnification
increases 0.01-1old per frame. More specifically, 1n the loop
of the process at the time of the determination that the dis-
tance Dist XY has exceeded the zoom-out threshold, the
CPU 10 sets the value representing 1.01-fold 1n the zoom
parameters 231. As a result, 1n the drawing process of step
S11 described above, a game 1image 1s to be drawn at a zoom
magnification of 1.01-1old. In the next loop of the process, the
CPU 10 sets the value representing 1.02-fold 1n the zoom
parameters 231, and therefore a game 1image 1s to be drawn at
a zoom magnification of 1.02-fold. After step S82, the CPU
10 sets the zoom flag 221 to “ZO0OM OU'T” (step S83).

The CPU 10 controls the virtual camera based on the zoom
parameters 231 (step S80). For example, the CPU 10 adjusts
the parameters, such as the angle of view, for the virtual
camera. The CPU 10 ends the target zoom magnification
calculation process.

When 1t 1s determined that the distance Dist XY has not
exceeded the zoom-out threshold (“NO” 1n step S75), the
CPU 10 determines whether or not the distance Dist XY 1s
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smaller than the zoom-in threshold, which 1s a value repre-
sented by the zoom-1n threshold data 223 (step S76). That 1s,
the CPU 10 determines whether or not the distance between
the farthest-end player objects with respect to the X-axis
direction has fallen below a predetermined distance. When 1t
1s determined that the distance Dist XY 1s smaller than the
zoom-1n threshold (*“YES” 1n step S76), the CPU 10 reads the
zoom-1n target zoom magnification data 2235 from the exter-
nal main memory 12, and sets the read zoom-in target zoom
magnification data 225 as the target zoom magnification 226
(step S77).

Similarly to step S82, the CPU 10 determines a zoom
magnification to be actually applied in the current loop of the
process so that the magnification gradually approaches the
target zoom magnification, and sets the determined zoom
magnification 1n the zoom parameters 231 (step S78). For
example, when the start magnification 1s 1.0-fold and the end
magnification 1s 0.5-fold, the CPU 10 determines that the
magnification decreases 0.01-fold each time, and sets, 1n the
loop of the process at the time of the determination that the
distance Dist__ XY has fallen below the zoom-in threshold, the
value representing 0.99-1o0ld in the zoom parameters 231.

The CPU 10 sets the zoom flag 221 to “ZO0OM IN” (step
S79). The process proceeds to step S80 described above.

When it 1s determined that the distance Dist XY 1s not
smaller than the zoom-1n threshold (“NO” 1n step S76), the
CPU 10 sets the zoom flag 221 to “OFF” (step S84 ), and ends
the target zoom magnification calculation process.

Referring back to FIG. 35, after the target zoom magnifi-
cation calculation process 1s completed, the CPU 10 deter-
mines whether or not the zoom flag 221 1s set to “OFF” (step
S54). When 1t 1s determined that the zoom flag 221 1s set to
“OFF”(“YES” 1n step S34), the process proceeds to step S62
described below. On the other hand, when it 1s determined
that the zoom flag 221 1s not set to “OFF” (“NO” 1n step S54),
the CPU 10 determines, 1 the virtual space, the position of
the display area (see FI1G. 9) based on the zoom parameters
231 (step S535). As aresult, 1t 1s determined that the greater the
zoom magnification, the smaller the display area, and that the
smaller the zoom magnification, the greater the display area.

The CPU 10 sets the values (*6.25 units from the upper end
of the screen” and “3.75 units from the lower end of the
screen”’) corresponding to the scrolling-up starting line 121
and the scrolling-down starting line 122 shown 1n FI1G. 21 that
are used 1n the multiplayer vertical scroll process (step S56).
Specifically, the CPU 10 calculates these values using the
following equations, and sets the calculated values as the
scrolling-up starting threshold 227 and the scrolling-down
starting threshold 228, respectively.

scrolling-up starting threshold=(100+(12.0*(ZOOM-
1.0)y*2Z00M/16) units

scrolling-down starting threshold=(60+(12.0*
(ZOOM-1.0))*Z0O0M/16) units

Note that the variable “Z0O0M” represents the start magnifi-
cation (the zoom parameters 231). The other values represent
the numbers of pixels. Based on the above equations, the
values corresponding to the scrolling-up starting line 121 and
the scrolling-down starting line 122, that are based on the
zoom magnification at the time, are set. Note that the above
equations are merely illustrative, and, as well as these equa-
tions, any equation may be used so long as 1t 1s possible to
calculate appropnate scrolling-up starting threshold and
scrolling-down starting threshold with reference to the con-
tents of the game. Alternatively, a plurality of types of equa-
tions may be prepared so that the equations are appropriately
used depending on the course.
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After step S56, the CPU 10 proceeds to the processes of
scroll controls of steps S62 and S63 described below.

On the other hand, when 1t 1s determined that the zoom flag
221 1s not set to “OFF” (*NO” 1n step S52), 1t 1s considered
that the process of zooming 1n or zooming out 1s being per-
formed, and therefore the following process 1s performed.
The CPU 10 performs a zoom cancellation determination
process (step S57). This process 1s a process of canceling the
process ol zooming out 1n the middle thereof, when the value
of the Dist XY has fallen below the zoom-out threshold
during the zooming out (when the farthest-end player objects
that have once separated from each other approach each other
betfore the zooming out finishes).

FI1G. 37 1s a tlow chart showing details of the zoom can-

cellation determination process of step S37. Referring to FIG.
37, the CPU 10 calculates the distance Dist_XY by perform-

ing a process similar to that of steps 872 through S74 that 1s
described above with reference to FIG. 36 (steps S91 through
S93).

The CPU 10 determines whether or not the zoom flag 221
1s set to “ZO0OM IN” (step S94). When 1t 1s determined that
the zoom tlag 221 1s set to “ZOOM IN” (“YES™ 1n step S94),
the CPU 10 determines whether or not the distance Dist_ XY
1s greater than the zoom-in threshold (step S95). That 1s, the
CPU 10 determines whether or not the distance between the
farthest-end player objects has exceeded the distance set 1n
the zoom-1n threshold data 223 during the zooming 1n. When
it 1s determined that the distance Dist_XY 1s not greater than
the zoom-1n threshold (“NO” 1n step S95), the CPU 10 ends
the zoom cancellation determination process. On the other
hand, when 1t 1s determined that the distance Dist XY 1s
greater than the zoom-in threshold (“YES™ 1n step S93), the
CPU 10 sets the zoom flag 221 to “OFF, so as to cancel the
zooming 1n (step S97). The CPU 10 ends the zoom cancella-
tion determination process.

On the other hand, when 1t 1s determined that the zoom flag
221 1s not set to “ZOOM IN” (*NO” 1n step S94), 1t 1s

considered that the zoom flag 221 1s set to “ZO0OM OUT”.
Therefore, 1n this case, the CPU 10 determines whether or not
the distance Dist XY 1s smaller than the zoom-out threshold
(step S96). That 1s, the CPU 10 determines whether or not the
distance between the farthest-end player objects has fallen
below the distance set 1n the zoom-out threshold data 222
during the zooming out. When 1t 1s determined that the dis-
tance Dist XY 1s not smaller than the zoom-out threshold
(“NO” 1n step S96), the CPU 10 ends the zoom cancellation

determination process. On the other hand, when 1t 1s deter-
mined that the distance Dist XY 1s smaller than the zoom-out
threshold (“YES” 1n step S96), the CPU 10 performs the
process of step S97, so as to cancel the zooming out. The CPU
10 ends the zoom cancellation determination process.
Referring back to FIG. 35, after the zoom cancellation
determination process of step S37 1s completed, the CPU 10
determines whether or not the zoom flag 221 1s set to “OFF”
(step S58). When 1t 1s determined that the zoom flag 221 1s set
to “OFF”, the zoom process 1s to be canceled at this point in
time, and the CPU 10 proceeds to step S62 described below.
On the other hand, when 1t 1s determined that the zoom flag
221 15 not set to “OFF” (*NO” 1n step S58), a process 1s
performed of continuing the above zoom process over time
using the zoom parameters 231. That 1s, with reference to the
target zoom magnification 226 and the zoom parameters 231,
the CPU 10 determines a zoom magnification to be applied in
the current loop of the process, and updates the zoom param-
cters 231 (step S59). For example, when zooming 1n 1s per-
formed from a zoom magnification of 1.0-fold to a target
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zoom magnification of 2.0-fold, 1t 1s set so that the zoom
magnification increases 0.01-fold per frame.

The CPU 10 determines whether or not the value set 1n the
zoom parameters 231 has reached the value of the target zoom
magnification 226 (step S60). That 1s, the CPU 10 determines
whether or not the above zoom process over time 1s to end.
When it 1s determined that the value set 1n the zoom param-
cters 231 has not yet reached the value of the target zoom
magnification 226 (“NO” 1n step S60), the CPU 10 proceeds
to step S55 described above. On the other hand, the value set
in the zoom parameters 231 has reached the value of the target
zoom magnification 226 (“YES” 1n step S60), the CPU 10
sets the zoom flag 221 to “OFF” (step S61). The CPU 10
proceeds to step S35 described above.

Details of the processes of scroll controls of steps S62 and
S63 will be described. After step S56, the CPU 10 performs
the multiplayer horizontal scroll process (step S62). FIG. 38
1s a flow chart showing details of the multiplayer horizontal
scroll process of step S62. Referring to FIG. 38, the CPU 10
calculates the midpoint between the rightmost object and the
leftmost object with respect to the X-axis direction 1n the
virtual game space as a result of causing the play objects 101
to move by retlecting players’ operations (step S101). The
CPU 10 calculates, as a provisional display area, such a
display area that the position of the calculated midpoint 1s 1n
the center of the screen with respect to the X-axis direction in
the screen coordinate system (step S102).

The CPU 10 determines, with reference to the area infor-
mation 212 about the provisional display area, whether or not
the horizontal priority direction represented by the horizontal
priority direction data 214 1s the right direction (step S103).
When 1t 1s determined that the horizontal priority direction 1s
the right direction (“YES” 1n step S103), the CPU 10 deter-
mines whether or not the display position of the rightmost
object 1n the provisional display area 1s to be within 7 units
from the right end of the screen (step S104). That 1s, the CPU
10 determines whether or not a player object 1s present that 1s
approaching the right end of the screen. When it 1s determined
that the display position of the rightmost object 1s to be within
7 units from the right end of the screen (“YES” 1n step S104),
the rightmost object 1s too close to the right end of the screen.
In response, the CPU 10 calculates, as a final display area,
such a display area that the display position of the rightmost
object 1s a position 7 units from the right end of the screen
(step S105), and proceeds to step S109 described below. On
the other hand, when 1t 1s determined that the display position
of the rightmost object1s not to be within 7 units from the right
end of the screen (“INO” 1n step S104), the CPU 10 sets the
provisional display area as a final display area (step S106),
and proceeds to step S109 described below.

On the other hand, when 1t 1s determined that the horizontal
priority direction 1s not the right direction (“NO” 1n step
S5103), 1t 1s considered that the horizontal priority direction 1s
the left direction. In this case, the CPU 10 determines whether
or not the display position of the leftmost object 1n the pro-
visional display area 1s to be within 7 units from the left end
of the screen (step S107). That 1s, the CPU 10 determines
whether or not a player object 1s present that 1s approaching
the left end of the screen. When 1t 1s determined that the
display position of the leftmost object 1s to be within 7 units
from the left end of the screen (“YES” 1n step S107), the CPU
10 calculates, as a final display area, such a display area that
the display position of the leftmost object 1s a position 7 units
from the left end of the screen (step S108), and proceeds to
step S109 described below. On the other hand, when it 1s
determined that the display position of the leftmost object 1s
not to be within 7 units from the left end of the screen (“NO”
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in step S107), the CPU 10 sets the provisional display area as
a final display area 1n step S106, and proceeds to step S109.

The CPU 10 sets parameters for a horizontal scroll control
based on the final display area, and stores the set parameters
in the horizontal scroll parameters 229 (step S109). That 1s,
the CPU 10 sets the horizontal scroll parameters 229 so that
the final display area 1s displayed. The CPU 10 controls the
virtual camera based on the horizontal scroll parameters 229
(step S110). Thus the multiplayer horizontal scroll process
ends.

Referring back to FI1G. 35, after the multiplayer horizontal
scroll process of step S62 1s completed, the CPU 10 performs
the multiplayer vertical scroll process (step S63). FIGS. 39
and 40 are a tlow chart showing details of the multiplayer
vertical scroll process of step S63. Referring to FIG. 39, the
CPU 10 calculates a “reference point” described above with
reference to FI1G. 20 and the like (step S121). That 1s, the CPU
10 calculates, as a reference point, the midpoint between the
uppermost object and the lowermost object with respect to the
Y-axis direction 1n the virtual game space.

The CPU 10 determines whether or not (in the display area
calculated 1n the process of the most recent frame) the posi-
tion of the reference point 1s to be within the number of units
(heremaftter referred to stmply as an “upper threshold value™;
6.25 units in FIG. 21) from the upper end of the screen that 1s
represented by the scrolling-up starting threshold 227 (step
S122). That s, the CPU 10 converts the reference point into a
position 1n the screen coordinate system (two-dimensional
coordinates), and determines whether or not the converted
reference point 1n the screen coordinate system 1s to be within
an upper threshold value from the upper end of the screen.
When 1t 1s determined that the position of the reference point
1s to be within the upper threshold value from the upper end of
the screen (“YES™ 1n step S122), the CPU 10 calculates such
a provisional display area that, as shown 1n FIG. 22, the
position of the reference point 1s a position (a position 6.25
units from the upper end of the screen 1n FI1G. 22) correspond-
ing to the upper threshold value with respect to the Y-axis
direction (step S123). The CRU 10 proceeds to step S126
described below.

On the other hand, when 1t 1s determined that the position
ol the reference point 1s not to be within the upper threshold
value from the upper end of the screen (“NO” 1n step S122),
the CPU 10 determines whether or not the position of the
reference point 1s to be within the number of units (hereinafter
referred to simply as a “lower threshold value™; 3.75 units in
FIG. 21) from the lower end of the screen that 1s represented
by the scrolling-down starting threshold 228 (step S124).
When 1t 1s determined that the position of the reference point
1s to be within the lower threshold value from the lower end of
the screen (“YES™ 1n step S124), the CPU 10 calculates such
a provisional display area that the position of the reference
point 1s a position (a position 3.75 units from the lower end of
the screen 1n FIG. 21) corresponding to the lower threshold
value with respect to the Y-axis direction (step S125). The
CPU 10 proceeds to step S126 described below.

On the other hand, when 1t 1s determined that the position
ol the reference point 1s not to be within the lower threshold
value from the lower end of the screen (“NO” 1n step S124),
the CPU 10 proceeds to step S126 described below.

Referring to FI1G. 40, the CPU 10 determines whether or
not, in the provisional display area, the position of the upper-
most object 1s within 4 units from the upper end of the screen
(step S126). When 1t 1s determined that the position of the
uppermost object 1s within 4 units from the upper end of the
screen (“YES 1mn step S126), the CPU 10 determines whether
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lowermost object 1s within 2 units from the lower end of the
screen (step S127). When 1t 1s determined that the position of
the lowermost object 1s not within 2 umts from the lower end
of the screen (“NO” 1n step S127), only the uppermost object
1s too close to the upper end of the screen. In response, the
CPU 10 calculates, as a final display area, such a display area
that the uppermost object 1s displayed at a position 4 units
from the upper end of the screen (step S130). On the other
hand, when it 1s determined that the position of the lowermost
object 1s within 2 umits from the lower end of the screen
(“YES” 1nstep S127), it 1s considered that both the uppermost
object and the lowermost object are too close to the upper and
lower ends of the screen, respectively. In response, the CPU
10 determines, with reference to the area information 212,
whether or not the vertical priority direction represented by
the vertical priority direction data 213 1s the down direction
(step S128). When 1t 1s determined that the vertical priority
direction 1s the down direction (“YES 1n step S128), the CPU
10 calculates, as a final display area, such a display area that
the lowermost object 1s displayed at a position 2 units from
the lower end of the screen (step S129).

On the other hand, when 1t 1s determined that the vertical
priority direction 1s not the down direction (“NO” in step
S128), 1n step S130 the CPU 10 calculates, as a final display
area, such a display area that the uppermost object 1s dis-
played at a position 4 units from the upper end of the screen.
The process proceeds to step S133 described below.

On the other hand, when 1t 1s determined that the position
ol the uppermost object 1s not within 4 units from the upper
end of the screen (“NO” 1n step S126), the CPU 10 determines
whether or not, in the provisional display area, the position of
the lowermost object 1s within 2 units from the lower end of
the screen (step S131). When it 1s determined that the position
of the lowermost object 1s within 2 units from the lower end of
the screen (“YES” 1n step S131), the CPU 10 calculates, as a
final display area, such a display area that the lowermost
object 1s displayed at a position 2 units from the lower end of
the screen (step S132). The CPU 10 sets the vertical scroll
parameters 230 based on the final display area (step S133).
That 1s, the CPU 10 sets the direction of the vertical scroll and
the like so that the final display area 1s displayed. The CPU 10
controls the virtual camera based on the vertical scroll param-
cters 230 (step S134).

On the other hand, when 1t 1s determined that the position
of the lowermost object 1s not within 2 units from the lower
end of the screen (“NO” 1n step S131), the CPU 10 sets the
provisional display area as a final display area (step S135).
The process proceeds to step S133 described above. Thus the
multiplayer vertical scroll process ends.

Referring back to FIG. 35, after the multiplayer vertical
scroll process of step S63 1s completed, the multiplayer
screen control process ends.

Details of the processes of steps S6 and S7 of FIG. 29 will
be described. In these processes, a process 1s performed of
switching screen controls when the number of the displayed
player objects 101 displayed on the screen has changed since,
for example, during a two-player simultaneous game, the
game 1S over for one of the players, or during a single-player
game, another player has participated 1n the gameplay.

FIG. 41 1s a flow chart showing details of an at-time-of-
changing-number-of-player-objects control process of step
S6. Referring to FIG. 41, the CPU 10 sets the number-oi-
player-objects change tlag 220 to “ON” (step S141).

The CPU 10 stores, as the at-time-of-change final param-
cters 232, the parameters for the scroll control and the zoom
control that are calculated 1n the loop of the process of the
most recent frame (step S142). That 1s, the CPU 10 stores in
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the at-time-of-change final parameters 232 the horizontal
scroll parameters 229, the vertical scroll parameters 230, and
the zoom parameters 231.

The CPU 10 determines whether or not the change of the
number of the displayed player objects 101 1s a change of “a
plurality of objects to one object” (step S143). That 1s, the
CPU 10 determines whether a multiplayer game has switched
to a single-player game or a single-player game has switched
to a multiplayer game. When it 1s determined that the change
of the displayed player objects 101 1s a change of *“a plurality
ol objects to one object” (“YES” 1n step S143), 1t 1s consid-
ered that a multiplayer game has switched to a single-player
game. In response, the CPU 10 performs the single-player
screen control process described above with reference to FIG.
32 and the like, and calculates the horizontal scroll param-
cters 229, the vertical scroll parameters 230, the zoom param-
cters 231, the target zoom magnification 226, and the like, for
the single-player game (step S144).

The CPU 10 calculates the complementary parameters 233
based on the at-time-of-change final parameters 232 (which
have stored therein the final zoom parameters used in the
multiplayer game and the like) and the various parameters
calculated 1n step S144 (step S145). For example, the CPU 10
calculates, as the complementary parameters 233, such
parameters that the zoom magnification approaches 1.0-fold,
which 1s the target zoom magnification for the single-player
game, by 12.5% each time from the target zoom magnifica-
tion stored as the at-time-oi-change final parameters 232. For
example, when the target zoom magnification stored as the
at-time-of-change final parameters 232 1s 2.0-fold and the
target zoom magnification for the single-player game 1s 1.0-
fold, the value representing “zoom magnification=1.875-
fold” 1s set as the complementary parameters 233.

On the other hand, when it 1s determined that the change of
the number of the displayed player objects 101 1s not a change
of “a plurality of objects to one object” (“NO” 1n step S143),
it 1s considered that a single-player game has switched to a
multiplayer game (or the number of the players has changed
in a multiplayer game, such as a three-player simultaneous,
game has switched to a two-player simultaneous game). In
response, the CPU 10 performs the multiplayer screen control
process described above with reference to FIG. 35 and the
like, and calculates the horizontal scroll parameters 229, the
vertical scroll parameters 230, the zoom parameters 231, the
target zoom magnification 226, and the like, for the multl-
player game (step S146).

The CPU 10 calculates the complementary parameters 233
based on the at-time-of-change final parameters 232 (which
have stored therein the final zoom parameters used in the
single-player game and the like) and the various parameters
calculated 1n step S146 (step S147). For example, the CPU 10
calculates, as the complementary parameters 233, such
parameters that the zoom magnification for the single-player
game approaches the target zoom magnification for the mul-
tiplayer game by 12.5% each time. Thus the at-time-oi-
changing-number-of-player-objects control process ends.

Referring back to FIG. 29, after step S6, the CPU 10
performs a screen control process based on the complemen-
tary parameters (step S7). FIG. 42 15 a flow chart showing
details of the screen control process based on the complemen-
tary parameters of step S7. Referring to FIG. 42, the CPU 10
controls the virtual camera based on the calculated comple-
mentary parameters (step S151).

The CPU 10 determines whether or not the zoom magni-
fication and the scroll parameters that are represented by the
complementary parameters 233 have reached the respective
target values (the values of the target zoom magnification and
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the like that are calculated in steps S144 and S146) (step
S152). When 1t 1s determined that the zoom magnification and
the scroll parameters have reached the respective target val-
ues (“YES” 1n step S152), the CPU 10 sets the number-oi-
player-objects change tlag 220 to “OFF” (step S1353), and
ends this process. On the other hand, when 1t 1s determined
that the zoom magnification and the scroll parameters have
not reached the respective target values (“NO” 1n step S152),
the CPU 10 ends this process without changing the number-
of-player-objects change tlag 220.

Thus the descriptions of the game processing according to
the present embodiment are completed.

As described above, 1n the present embodiment a screen
scroll control 1s performed so that, in a multiplayer game, the
screen 1s made easily viewable to the players, based on the
distances between the player objects 101 and ends of the
screen. In the multiplayer vertical scroll process a control 1s
performed using the position of the reference point (see FIGS.
21 and 22, etc.) described above, whereby, when a player
object 101 placed close to the center of the screen jumps, 1t 1s
possible to prevent the screen from vertically scrolling, over-
sensitively in response to the vertical movement of the jump-
ing player object 101. That 1s, the screen does not scroll
frequently even when the player object 101 jumps when
placed close to the center of the screen, and therefore 1t 1s
possible to provide a screen that 1s easily viewable to the
players. Further, even when a player object 101 has not
reached an end of the screen, if the player object 101
approaches the end of the screen to some degree, the screen
scrolls 1n the moving direction and 1s displayed. This makes it
possible to enhance also the visibility.

In the scroll control using the reference point in the multi-
player vertical scroll process, the values of the thresholds (the
scrolling-up starting line 121 and the scrolling-down start ing
line 122 1n FIG. 21) for whether or not to scroll are appropri-
ately set 1n accordance with the zoom magnification of the
screen, and therefore 1t 1s possible to provide a screen that 1s
more easily viewable to the players.

When the number of the displayed player objects 101 has
changed, a single-player zoom control and a multiplayer
zoom control smoothly switch and a single-player scroll con-
trol process and a multiplayer scroll control process smoothly
switch, using complementary parameters. This makes 1t pos-
sible to perform a congruous screen display that 1s easily
viewable and easily playable to the players.

In a multiplayer game, the “uplift operation” described
above can be performed, whereby, when a player object 101
has been transformed 1nto a character having such an “ability™
as described above, another player object 101 lifts up the
character into which the player object 101 has been trans-
formed, whereby said another player object 101 becomes able
to use the “ability”. This makes 1t possible to enhance the
interest of a cooperative game. Alternatively, when a player
who 1s bad at the game and a player who 1s good at the game
play a multiplayer game, for example, the good player’s
player object 101 lifts up the bad player’s player object 101,
whereby the bad player’s player object 101 becomes able to
be led forward without any particular operation. The “uplift
operation” may be used, for example, 1n a scene 1ncluding a
large number of obstacles or in a scene including bad plat-
forms with a large number of holes, whereby even the bad
player’s player object 101 becomes able to advance. This
makes it possible to enhance the interest ol a cooperative
game. This also provides a motivation for willingly playing a
multiplayer game. Alternatively, the “uplift operation” may
be applied to a game where player objects compete against
cach other, whereby it 1s possible to enhance a game element
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based on gamesmanship in competition and, and it 1s also
possible to enhance the interest of a versus game.

Alternatively, in order to decrease the difliculty level of the
game so that the game 1s easily playable, the game may be
designed to have a fewer number of buttons to be used in game
operations so that player 1s operations are the simplest pos-
sible. In this case, for example, the above embodiment
employs an operation system (a so-called one-lever/two-but-
ton system) based on the cross key 72a and two buttons
including the button 726 (for a dash movement) and the
button 72¢ (for a jump). However, even with such a few
number of buttons, it 1s possible to perform a variety of
operations with a reduced number of buttons by, as described
above, combining the button operations with an operation of
“swinging”’ the controller 7. This makes 1t possible to enhance
the 1interest of a game.

Note that in the above embodiment, in a zoom process,
zooming 1n and zooming out are performed using the zoom-1n
threshold and the zoom-out threshold, respectively. Zooming,
in and zooming out may be gradually performed withnotonly
one zoom-in threshold and one zoom-out threshold but more
zoom-1n thresholds and more zoom-out thresholds, respec-
tively. For example, a first zoom-out threshold 1s set to a
distance of 200, and a first zoom-out target zoom magnifica-
tion corresponding to the first zoom-out threshold 1s set to
0.8-fold. Further, a second zoom-out threshold 1s set to a
distance of 600, and a second zoom-out target zoom magni-
fication corresponding to the second zoom-out threshold 1s
set to 0.5-fold. Thus, while the distance between the farthest-
end player objects with respect to the X-axis direction 1s 200
through to 600 (the unit 1s arbitrary), the game screen 1s
displayed at 0.8-fold zoom magnification. When the distance
exceeds 600, the game screen 1s displayed at 0.5-fold zoom
magnification. In addition, a zoom-in threshold and a zoom-
out threshold may be set so as to vary from course to course or
from area to area.

In the above embodiment, as an example of the game
screen the state of the virtual game space 1s displayed on the
whole screen of the TV 2 (so-called full display). That 1s, a
case 1s taken as an example where the display area 1s dis-
played on the whole screen of the TV 2; however, as well as
this, the present invention can also be applied to the case
where the layout of the game screen 1s made so that the
display area 1s displayed on a part of the screen. In this case,
“within n units from an end of the screen” of a determination
threshold may be applied as “within n units from an end of the
display area™.

In the above embodiment, a case 1s taken as an example
where the game 1mage 1s displayed on a screen having a
general wider-than-high ratio (4:3 or 16:9); however, the
present invention can also be applied to a screen having a
higher-than-wide ratio.

While the invention has been described 1n detail, the fore-
going description 1s 1n all aspects illustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations can be devised without departing from the scope of
the 1nvention.

What 1s claimed 1s:

1. A game apparatus for displaying, in a predetermined
display area of a display device, a virtual space 1n which a
plurality of objects are present, the game apparatus compris-
ng:

a reference point calculation unit for calculating a refer-
ence point with respect to a reference axis direction, the
reference point being a center position determined based
on positions of two oppositely located objects of the
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plurality of objects and the reference axis direction

being a predetermined axis direction of the display area;

a first determination unit for determining whether or not a

position of the reference point 1s a position within a first

distance from an end of the display area with respect to
the reference axis direction; and

a screen control unit for, when the first determination unit

determines that the position of the reference point 1s a

position within the first distance from the end of the

display area, scrolling, along the reference axis direc-
tion, a display content of the virtual space displayed in
the display area.

2. A game system, comprising;

a display device configured to display image data; and

a game apparatus having one or more processors and for

displaying, 1n a predetermined display area of the dis-

play device, a virtual space 1n which a plurality of
objects are present, the game apparatus comprising:

a relerence point calculation unit for calculating a refer-
ence point with respect to a reference axis direction,
the reference point being a center position determined
based on positions of two oppositely located objects
of the plurality of objects and the reference axis direc-
tion being a predetermined axis direction of the dis-
play area,

a first determination unit for determining whether or not
a position of the reference point 1s a position within a
first distance from an end of the display area with
respect to the reference axis direction, and

a screen control unit for, when the first determination
unit determines that the position of the reference point
1s a position within the first distance from the end of
the display area, scrolling, along the reference axis
direction, a display content of the virtual space dis-
played 1n the display area.

3. A method implemented 1n an information processing,
device having one or more processors and for displaying, 1n a
predetermined display area of a display device, a virtual space
in which a plurality of objects are present, the method com-
prising;:

calculating, via the one or more processors, a reference

point with respect to a reference axis direction, the ret-

erence point being a center position determined based on
positions of two oppositely located objects of the plu-

rality of objects and the reference axis direction being a

predetermined axis direction of the display area;

determining whether or not a position of the reference
point 1s a position within a first distance from an end of
the display area with respect to the reference axis direc-
tion; and

scrolling, along the reference axis direction, a display con-

tent of the virtual space displayed in the display area

when the position of the reference point 1s a position
within the first distance from the end of the display area.

4. A non-transitory computer-readable storage medium
having stored therein a game program to be executed by a
computer of a game apparatus for displaying, in a predeter-
mined display area of a display device, a virtual space in
which a plurality of objects are present,

the game program causing the computer to execute instruc-

tions comprising:

calculating a reference point with respect to a reference

ax1s direction, the reference point being a center position
determined based on positions of two oppositely located
objects of the plurality of objects and the reference axis
direction being a predetermined axis direction of the
display area;
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determining whether or not a position of the reference
point 1s a position within a first distance from an end of
the display area with respect to the reference axis direc-
tion; and

scrolling, along the reference axis direction, a display con-

tent of the virtual space displayed in the display area
when the position of the reference point 1s a position
within the first distance from the end of the display area.

5. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein

a midpoint between two objects, among the plurality of

objects, that are farthest from each other with respect to
the reference axis direction 1s calculated as the reference
point.

6. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein,

when the position of the reference point is a position within

the first distance from an end of the display area, the
display content of the virtual space 1s scrolled along the
reference axis direction so that the position of the refer-
ence point 1s a position the first distance from the end of
the display area.

7. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein,

when the position of the reference point 1s a position within

the first distance from an end of the display area, the
display content of the virtual space displayed in the
display area1s scrolled along the reference axis direction
and toward a side about which the determination 1s made
that the position of the reference point 1s a position
within the first distance from an end of the display area.

8. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein:

the game program further causes the computer to execute

istructions comprising determining whether or not a
position of an object, among the plurality of objects, that
1s closest to the end of the display area with respect to the
reference axis direction 1s a position within a second
distance from the end of the display area, the second
distance being smaller than the first distance from the
end of the display area; and,

regardless of the position of the reference point, when the

object closest to the end of the display area 1s within the
second distance from the end of the display area, the
display content of the virtual space 1s scrolled so that the
object1s displayed at a position the second distance from
the end of the display area.

9. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein

whether or not the position of the reference point 1s a

position within the first distance from one end of the
display area with respect to the reference axis direction
1s determined and also whether or not the position of the
reference point 1s a position within a third distance from
the other end of the display area with respect to the
reference axis direction 1s determined, and,

when the position of the reference point is a position within

the first distance from the one end of the display area, the
display content of the virtual space displayed in the
display area1s scrolled along the reference axis direction
and toward a side of the one end of the display area, and
when the position of the reference point 1s a position
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within the third distance from the other end of the dis-
play area, the display content of the virtual space dis-
played in the display area 1s scrolled along the reference
ax1s direction and toward a side of the other end of the
display area.

10. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 9,
wherein

the first distance and the third distance are different 1n

value.

11. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
10, wherein

with respect to the reference axis direction, a direction

toward the side of the one end of the display area 1s an
antigravity direction 1n the virtual space, and a direction
toward the side of the other end of the display area 1s a
gravity direction in the virtual space, and the first dis-
tance 1s greater than the third distance.

12. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 9,
wherein:

the game program further causes the computer to execute

istructions comprising determining whether or not a
position of an object, among the plurality of objects, that
1s closest to the one end of the display area with respect
to the reference axis direction 1s a position within a
second distance from the one end of the display area, the
second distance being smaller than the first distance
from the one end of the display area, and also determin-
ing whether or not a position of another object, among
the plurality of objects, that 1s closest to the other end of
the display area with respect to the reference axis direc-
tion 1s a position within a fourth distance from the other
end of the display area, the fourth distance being smaller
than the third distance from the other end of the display
area; and

regardless of the position of the reference point, when the

object closest to the one end of the display area 1s within
the second distance from the one end of the display area,
the display content of the virtual space 1s scrolled so that
the object 1s displayed at a position the second distance
from the one end of the display area, and when said
another object closest to the other end of the display area
1s within the fourth distance from the other end of the
display area, the display content of the virtual space 1s
scrolled so that said another object 1s displayed at a
position the fourth distance from the other end of the
display area.

13. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
12, wherein

the second distance and the fourth distance are different 1in

values.

14. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
12, wherein:

with respect to the reference axis direction, one of the sides

of the one end and the other end of the display area 1s set
as a priority side; and,

when the object closest to the one end of display area 1s

within the second distance from the one end of the dis-
play area and said another object closest to the other end
of the display area 1s within the fourth distance from the
other end of the display area, the display content of the
virtual space 1s scrolled toward the side set as the priority
side.
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15. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein

the game program further causes the computer to execute

istructions comprising;

calculating, in the virtual space, a distance between two

objects, among the plurality of objects, that are farthest
from each other with respect to the reference axis direc-
tion;
determining whether or not the calculated distance 1s
greater than a predetermined zoom-out threshold; and

zooming out from an 1mage of the virtual space at a pre-
determined magnification when the calculated distance
1s greater than the zoom-out threshold.

16. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
15, wherein

with a passage of time, the image of the virtual space 1s

zoomed out from until the image 1s displayed at the
predetermined magnification.

17. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
16, wherein,

when 1t 1s determined that the calculated distance falls

below the zoom-out threshold while the gradual zoom-
ing out from the 1mage of the virtual space 1s controlled,
the control of the zooming out 1s canceled.

18. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein

the game program further causes the computer to execute

instructions comprising:

calculating, in the virtual space, a distance between two

objects, among the plurality of objects, that are farthest
from each other with respect to the reference axis direc-
tion;

determining whether or not the calculated distance 1s

smaller than a predetermined zoom-1n threshold; and
zooming in on an 1mage of the virtual space at a predeter-

mined magnification when the calculated distance 1is
smaller than the zoom-1n threshold.

19. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
18, wherein

with a passage of time, the image of the virtual space 1s

zoomed 1n on until the 1image 1s displayed at the prede-
termined magnification.

20. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
19, wherein,

when 1t 1s determined that the calculated distance exceeds

the zoom-1n threshold while the gradual zooming 1n on
the image of the virtual space 1s controlled, the control of
the zooming 1n 1s canceled.

21. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein:

the game program further causes the computer to execute

istructions comprising calculating an orthogonal axis
direction midpoint with respect to an orthogonal axis
direction, the orthogonal axis direction midpoint being a
center position based on the positions of the plurality of
objects 1n the virtual space and the orthogonal axis direc-
tion being orthogonal to the reference axis direction; and
scrolling, along the orthogonal axis direction, the display
content of the virtual space so that a position of the

5

10

15

20

25

30

35

40

45

50

55

60

65

44

orthogonal axis direction midpointis a center position of
the display area with respect to the orthogonal axis
direction.

22. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
21, wherein:

with respect to the orthogonal axis direction, one of sides of
one end and the other end of the display area 1s set as a
priority side;

the game program further causes the computer to execute
istructions comprising determining whether or not a
position of one of the plurality of objects 1s a position
within a fifth distance from the end corresponding to the
priority side with respect to the orthogonal axis direc-
tion; and,

when 1t 1s determined that the position of one of the plu-
rality of objects 1s a position within the fifth distance
from the end corresponding to the priority side, the
display content of the virtual space 1s scrolled so that the
one object 1s displayed at a position the fifth distance
from the end corresponding to the priority side.

23. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
21, wherein

the game program further causes the computer to execute
instructions comprising:

calculating, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest

from each other with respect to the reference axis direc-
tion;

calculating, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest
from each other with respect to the orthogonal axis
direction;

determinming whether or not one of the calculated distances
1s greater than a predetermined zoom-out threshold; and

zooming out from an 1mage of the virtual space at a pre-
determined magnification when one of the calculated
distances 1s greater than the zoom-out threshold.

24. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
21, wherein

the game program further causes the computer to execute
instructions comprising:

calculating, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest

from each other with respect to the reference axis direc-
tion;

calculating, 1n the virtual space, a distance between two
objects, among the plurality of objects, that are farthest
from each other with respect to the orthogonal axis
direction;

determining whether or not one of the calculated distances
1s smaller than a predetermined zoom-1n threshold; and

zooming 1n on an image of the virtual space at a predeter-
mined magnification when one of the calculated dis-
tances 1s smaller than the zoom-1in threshold.

25. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein

the plurality of objects are player objects that are capable of
operated by a plurality of players using predetermined
operation devices, respectively.
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26. The non-transitory computer-readable storage medium
having stored therein the game program according to claim 4,
wherein:

the game program further causes the computer to execute

instructions comprising determining whether or not the
number of the plurality of objects displayed on a game
screen has changed; and

when the change has occurred, controlling the display con-

tent of the display area so that a display content of a
display area controlled based on the objects before the
change gradually approaches a display content of a dis-
play area controlled based on the objects after the
change.

277. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
25, wherein:

the game program further causes the computer to execute

instructions comprising determining whether or not the
number of the plurality of objects displayed on a game
screen has changed; and

when the change has occurred, controlling the display con-

tent of the display area so that a display content of a
display area controlled based on the objects before the
change gradually approaches a display content of a dis-
play area controlled by the objects after the change.

28. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
25, wherein

the game program further causes the computer to execute

instructions comprising:

determining whether or not a predetermined operation has

been mput from one of the predetermined operation

devices;
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when the predetermined operation has been input, deter-
mining whether or not, among the player objects, within
a predetermined range from a player object correspond-
ing to the operation device subjected to the predeter-
mined operation, another player object 1s present; and

when another player object 1s present within the predeter-
mined range, allowing said another player object and the
player object corresponding to the operation device sub-
jected to the predetermined operation to be operated in a
combined manner.

29. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
28, wherein:

the predetermined operation devices each include an accel-

eration sensor; and

whether or not an acceleration that 1s greater than a prede-

termined value has been detected with a predetermined
button of the predetermined operation device pressed
down 1s determined.

30. The non-transitory computer-readable storage medium
having stored therein the game program according to claim
28, wherein,

while said another player object and the player object cor-

responding to the operation device subjected to the pre-
determined operation are capable of being operated 1n a
combined manner, the player object corresponding to
the operation device subjected to the predetermined
operation 1s capable of using a predetermined action
characteristic that 1s set 1n said another player object.
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